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ERRATA 


In the article by Maynard and McCay, Volume 11, No. 1, legends for 
Charts 4, page 76, and 6, page 79 should be interchanged. The sub-joined 
legends may be pasted below the figures to correct this error. 

Chaxt 6. Iodine number of miik fat. 

Chart 4. Average daily yield of fat. 


ERRATA 

In Table I, page 485, Vol. II, No. 5, Ration 998 should 
read “1.3” under the column headed “NaCl”. 
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TECHNIQUE FOR DETERMINATION OF THE 
ANTINEURITIC VITAMIN 

By Herbert M. Evans and Samuel Lerkovsky 
(From the Department of Anatomy — University of California, Berkeley) 

Received for Publication — April 22, 1929 

I N THE studies of vitamin B reported in the literature, we find that 
various workers report different quantities of yeast necessary for what 
they term normal growth. These quantities range from .05-.7 gm daily. 
Some of these differences can be related to the potencies of the yeasts used. 
However, we feel that many of these differences are due to the composi- 
tion of the basal rations used. An examination of the literature at once 
reveals that there is no uniformity in the character of the basal rations 
used for vitamin B measurements. Some workers use starch exclusively 
as their source of energy; some use starch and fat, while others employ 
sucrose in their dietary mixtures. 

We have had occasion in this laboratory to make a great many meas- 
urements of materials for their antineuritic vitamin B content. Auto- 
claved yeast was present in all our diets, so that we were working as far 
as we know with only one of the vitamin B factors. We have found that 
the growth obtained in the absence of the antineuritic vitamin B depends 
largely upon the basal diet used. The following factors have been found to 
be of importance: (1) The amount of protein, (2) the kind and amounts 
of carbohydrates used, (3) amount of fat. The last named is of particular 
importance.* 

Figure 1 shows the growth on diets, devoid of any added antineuritic B 
but varying in the form of energy or amount of protein that they carry. 
The poorest growth is obtained when the diet consists of sucrose and 
25 per cent protein’ (Diet C). When 10 per cent of fat is added to this 

’ Aided by grants from the Committee for Research in Problems of Sex of the National 
Research Council, the United States Bureau of Dairying, and the School of Agriculture and Board 
of Research of this institution'. 

* Evans, Herbert M. and Lepkovsky, S. Sparing action of fat on the antineuritic vitamin. — 
Science, September 28, 1928, Lxvni, 298. 

' All references to protein include the extracted casein (L— 3) plus the protein furnished by 
the 10 per cent autoclaved yeast. Approximately 50 per cent of the yeast is protein. 
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diet replacing an equal amount of sucrose (Diet E) little or no improve- 
ment results. If the sucrose is replaced with dextrinized com starch (Diet 
D) slight growth improvement results. When 10 per cent of the starch 
is replaced with an equal amount of fat (Diet F), further improvement in 
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Fio. 1. — Depicts the growth of animals on diets without any added antineuritic vitamin B. 

growth results. If the protein content is raised to SO per cent (Diet A), 
better growth is obtained than on the diet with 25 per cent protein 
(Diet C), and when the amount of the protein is raised still further (75 
per cent of the diet — ^Diet B) a slightly greater improvement in growth 
results. If a high per cent of fat is used with the protein (Diet G), moder- 
ately good growth is obtained without any added antineuritic vitamin B . 
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The animals on this diet remained in fairly good condition for six months, 
but one is now showing typical symptoms of beri-beri.* 

Figure 2 shows the same diets with 50 mg. brewers’ yeast added as a 
low sources of the antineuritic vitamin B. The poorest growth here is 



FlO. 2. — ^Depicts the growth of animals on the same diets used in Fig. 1 but with 50 milligrams 
of brewers’ yeast added as a low source of antineuritic vitamin B. 


again obtained on the sucrose-protein diet (25 per cent protein — Diet C) . 
On this diet, the animals plateau at about 80 grams in weight and then 
slowly decline until death intervenes, usually with symptoms of beri-beri. 

^ The symptoms of bdri-beri as seen on diets low in the antineuritic vitamin B may be de- 
scribed as follows: The hind limbs especially are spastic and are lifted in a stiff, high way. There 
are extensor thrusts of the fore and hind limbs. Movements in a circle are often observed. Ulti- 
mately paralysis of the legs supervenes. 
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If 10 per cent fat replaces an equal amount of sucrose (Diet E), growth is 
considerably accelerated. In the presence of 50 per cent fat (Diet G) very 
close to normal performance is observed. When com starch replaces 
sucrose (Diet D) as a source of energy there is improvement in growth. 
When 10 per cent starch is replaced by 10 per cent fat (Diet F) there is a 
still greater response. If the protein is increased in a protein-sucrose diet, 
(Diets A and B) improvement in growth results. From these data it is 
easily seen how the same amount of yeast may yield different antineu- 
ritic values. It is at once evident that the diet most sensitive to antineu- 
ritic vitamin B deficiency is the sucrose-protein diet (25 per cent protein — 
Diet C). It would seem, therefore, to be the most suitable diet for the study 
of this vitamin. 

Though we were not directly interested in the “balance of proteins to 
vitamin B” so extensively studied by Hartwell, Drummond and others,* 
we find that our data bear on this question (Fig. 2). When the amounts 
of protein and sucrose in our sucrose-protein diet (25 per cent protein — 
Diet C) were interchanged as was the case in Diet B, marked improve- 
ment resulted, thus indicating that added protein acted as a sparer of 
vitamin B.* On the other hand, when starch replaced sucrose in Diet C, as 
is the case in DietD, the improvement was greater than in the high protein 
diet (Diet B). 

SxmMAKY 

Data have been presented which show the importance of having a 
uniform basal diet when comparative studies of the antineuritic vitamin 
B are made. 

The diet most sensitive for the determination of the antineuritic vit- 
amin B has been found to be a sucrose-protein diet (25 per cent protein — 
Diet C). 

The curves illustrate the growth of individual female rats. Litter mate sisters were distributed 
throughout the various groups. All the animals were placed on the diets at 21 days of age and 

• Most of these studies were done with the vitamin B complex; Hartweili G. A., Biochem, Jour. 
xvin, 78S (1924); Reader, V. and Drummond, J. C., Biochem, Jour, xx, 1256 (1926); Sherman 
{Jour. Biol, Chem. ixxjv, 117 (1927)) writes **no basis is found for any belief that the vitamin B 
requirement is influenced by the protein intake in the age period covered by these experiments.’’ 

* This interpretation of the data must be taken with due caution. Though our casein was 
washed thoroughly to remove antineuritic vitamin B, we cannot be certain that this has been 
entirely accomplished (Palmer, L. S. and Kennedy, C., Jour. Biol. Chem. LXXIV, 591 (1927)). 
and hence improvement may be due to unextracted B residual in the casein. Our experience with 
our basal sucrose-protein diet (25 per cent protein— Diet C), either does not admit the possibility of 
residual antineuritic B in our casein, or, if such minute impurities do exist, they are evidently 
without noticeable influence in our studies. Furthermore, it should be emphasized that we worked 
only with one level of antineuritic vitamin B (50 mg. yeast) and we have no reason to believe that 
our observations at this level will necessarily hold for other levels of the vitamin. 
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maintained in cages with wire mesh doors. The animals were watched daily for breakdown of the 
vaginal closing membrane and thereafter for oestrous changes in the vaginal smear indicative of 
ovulation. The small circles interrupting the growth curves in the charts indicate times of ovu- 
lation. 


Components of the Diets used in the Experiments Represented 



IN Figures 1 and 2. 
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All diets were supplemented with two drops of cod liver oil daily. 

Casein (L— 3)— Commercial casein (Golden State Milk Products Company) which has been 
precipitated from milk with hydrochloric acid, dried and delivered to us in sacks, was extracted 
in wooden tubs with acidulated water (40 cc. glacial acetic acid to 40 liters of filtered tap water). 
The acidulated water was siphoned off and replaced twice daily for six days. On the seventh day 
the casein was washed twice with distilled water replacing the acidulated tap water. The water 
was thoroughly drained from the casein and the casein washed once with 50- 80 per cent alcohol 
and once with 85-95 per cent alcohol followed by one ether treatment. It was then spread in 
pans and the ether allowed to dissipate at room temperature under a fan. 

Autoclaved yeast — Whole dried yeast (bakers’) was generously supplied us by the Fleisch- 
mann Company of New York. It was spread in panato a depth of less than one inch and auto- 
claved for five hours at 18 to 20 pounds pressure. This yeast was added as the source of the 
thctmostable water-soluble factor throughout the experiment. Abundant trials showed it to be 
almost entirely, if not absolutely, free from antineuritic B. 

Brewers’ yeast— A whole, dried brewers’ yeast of high potency was used as the source of the 
thermolabile or antineuritic factor B. It was generously furnished by the Vitamin Food Company 
through Dr. Edward A. Rumley of New York. 

Dextrinized corn starch was prepared by pouring cold starch paste into boiling water, boiling 
for 5 minutes, spreading in thin layers in aluminum pans and drying at 110-120*’ C. 

Salt mixture #185 after McCollum— Sodium chloride 51.0, crystals of magnesium sulphate 
159.6 monobasic sodium phosphate 104.1, monobasic calcium phosphate 162.0, dibasic potassium 
phosphate 286.2, ferric citrate 35.4 and calcium lactate 390.0. 





A STUDY OF THE EFFECTS OF CERTAIN DIETS 
UPON THE GROWTH AND FORM OF 
ALBINO RATS 

By E. J. Quinn, C. G. King and B. H. Dimit 
{From the Department of Chemistry, Columbia University, 

New York City)* 

Received for Publication — April 24, 1929 

M uch study has been given in the past to the effects of deficient 
diets on the skeletal growth of the animal body. Jackson (1924) 
has reviewed the work that has been accomplished along this line up to 
1924, while more recently Winters, Smith and Mendel (1927) have pub- 
lished the results of a study of the effects on growth of animals of a low 
calorie diet, of inadequate protein, and of inadequate salt intake. No 
reference, however, has been found regarding the effect of a vitamin 
deficiency on general skeletal growth. 

One of the purposes of the present investigation was to study the effects 
of a definiency of vitamin A or vitamin B upon the development of the 
body of albino rats, the specific purpose being to determine in what way 
the girth of the chest, the width of the hips and the size of the long bones of 
the legs of such animals compared with corresponding measurements of 
normal animals of the same age. The term vitamin B as used in this paper 
covers both the antineuritic substance and the more heat-stable substance 
now known as the antipellagric vitamin (vitamin Bjor G). 

The normal rats used for comparative purposes in this study were from 
diet No. 13 (Diet B), consisting of one-third whole milk powder, two- 
thirds whole wheat and sodium chloride two per cent of the wheat. 

At the time the investigation was started there were available rats from 
another adequate diet. No. 16 (Diet A) consisting of one-sixth whole milk 
powder, five-sixths whole wheat and sodium chloride two per cent of the 
wheat. Although the animals receiving Diet A were apparently normal, 
they ddffered somewhat from those receiving Diet B. Earlier experiments 
(Sherma,n and Campbell 1924) h^ave shown the latter animals to be con- 
siderably heavier at any given age, to have a longer life-span, to have a 
better reproduction record, and to be less subject to lung infection. A 
study of the calcium and phosphorus content (Sherman and MacLeod 
1925), (Sherman and Quinn 1926) of rats from these two diets has also 
shown retardation of calcification in the animals on diet 16 (Diet A) during 

* Publiihed m contiibutioD No. 605 from tbe Department of Chemistry, Columbia University. 
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Table I 

Certain Body and Bone Measurements of Albino Rats on Adequate and Vitamin Deficient Diets 
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Table I {continue^ 



-Animals in this group received from weaning or 28 days of age until their death the vitamin A deficient diet only. A' — Animals in this group made average 
gains in weight of 22-30 grams during an 8 weeks* experimental period. 

























































Table II {cotUinued) 
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the period of greatest growth. This was found (Sherman and MacLeod 
1925) to be due to a lower mineral intake and not, primarily, to a lower 
intake of the fat-soluble vitamins. 

In view of the above differences it was thought of interest to include, 
in this study of the effect of diet on skeletal growth, a comparison of 
animals on diet 16 (Diet A) with animals of the same age on diet 13 
(Diet B) and to determine whether such moderate but well defined differ- 
ences as had been found in respect to the general well being of the animals 
on the two diets would be accompanied by differences in body form and 
development. 

The technique employed in making the various measurements that 
are discussed in this paper is in brief as follows: Length of body and chest 
measurements were taken immediately after the animal was chloroformed . 
All other measurements were made as soon as possible after the death 
of the animal. With the animal pinned back downward, with nose and 
tail extended but not under tension, the trunk or body length was deter- 
mined by measuring with calipers the distance from the tip of the nose 
to the anus. Chest girth measurements were taken by wrapping a cotton 
string around the chest at the place of smallest girth and pulling taut 
but avoiding wrinkling of skin. This string length was then carefully 
measured with a metric rule. Hip width wa,s taken as the distance be- 
tween the hip sockets and was determined with calipers resting on the 
ventral sides of the two cups. The leg bone dimensions were determined 
with calipers adjusted to fixed points on the sides or ends of each bone. 
Both right and left leg bones of each animal were measured but no differ- 
ences in average values were found between them, the measurement of 
one side simply serving as a check on the other. 

The average values resulting from the measurements described above are 
recorded in Table I. In Table II are given the calculated ratios of the 
weight of animal to their length of body, chest girth, hip width and length 
of long bones of legs; also their length of body to girth of chest, hip width, 
and length of long bones of legs; and length of certain leg bones to their 
diameter. The weight ratios of Table II are based in each case, with the 
exceptions noted, on the maximum weight of the animals. The data 
whose average values appear in Table II were treated statistically when 
the group contained sufficient numbers to warrant this. The values thus 
obtained have served in confirming the judgement of the experimenters 
in the conclusions that have been drawn in this paper. Because of 
lack of space, the results of the statistical treatment are not herein 
reported. 
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The small number of animals examined in many of the younger age 
groups studied is considered to justify only the conclusion that these points 
serve as an index of the trend of these particular groups. Variations in the 
smaller groups however, are somewhat compensated for by their relation- 
ship to other groups on the same diet. The number of animals retarded in 
growth over a period of 8 weeks by a deficiency of vitamin A or vitamin B, 
and of those over one year of age on diets 13 and 16, is thought to be 
suflicient to establish these points fairly satisfactorily. It will be noticed 
that the changes in body form recorded for the different groups are more 
marked when animals of similar age are compared than when comparison 
of animals of similar weight is made. Both of these variables should 
therefore be kept in mind when interpreting the data given in the accom- 
panying tables. Providing sufficient vitamin is added, the vitamin-defi- 
cient diets used in this study are adequate for apparently normal growth, 
although the mineral content is obviously different from that of either 
diet 13 or 16. 

To facilitate discussion of the various groups and to enable compari- 
sons to be more clearly presented, the results of the investigations are 
considered under the several headings given below. 

Animals Restricted in Growth by a Diet Deficient in 

Vitamin A 

Rats from vitamin A experiments recently conducted in this labora- 
tory have furnished excellent material for the study of skeletal growth 
relationships of animals stunted in growth by a deficiency of vitamin A. 
Eight animals (negative controls) had been kept on a basal vitamin A- 
free diet from 28 days of age until their death; 46 animals had been con- 
tinued on the A-free diet from weaning until the surplus stored vitamin 
of their bodies was depicted, at which time the basal diet was supplemented 
by such carefully weighed daily portions of whole milk powder that an 
average gain in weight of 22-30 grams resulted during an 8 weeks period. 
This approximates what Sherman and Munsell (1925) have recommended 
as the rate of growth to be employed in quantitative studies of vitamin A. 

The basal vitamin A-free diet referred to (No. 379a) consists of casein 
18 per cent, corn starch 67 per cent, yeast 10 per cent, Osborne and 
Mendel’s salt mixture 4 per cent, and sodium chloride 1 per cent. 

From a study of the ratios in Table II it is found that the length of 
of the body, girth of chest and width of hip of the vitamin A-deficient 
animals increased during the time of restricted feeding to a relatively 
greater extent than did the weight of such animals during this period* 
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Ratios of weight to each of these measurements are lower than the corres- 
ponding ratios for normal rats of the same age. 

Growth in length of the long bones of the legs also continued in animals 
on the vitamin A-deficient diets, and the ratios of body weight to length 
of femur, tibia, scapula, humerus, and radius are all found to be lower 
than the ratios for diet 13 animals of the same age. 

Relative to the length of the body, the chest girth of the vitamin A- 
restricted animals making average gains in weight of 22-30 grams over 
an 8 weeks period, showed no significant difference from ^at of normal 
animals of the same age or weight. In proportion to their body length, 
these animals have slightly longer leg bones than do normal animals of 
either the same age or of the same weight. The hip width is relatively 
narrow when comparison is made with the corresponding measurement 
of normal animals of the same age, but the difference is not so apparent 
when comparison is made with normal animals of the same weight. It 
has been noted that an arching or bowing of the spine is often found in 
rats stunted by deficient diets (Jackson 1915), (Aron 1914). It is possible 
that ratios involving the length of the body may be in slight error due to 
such a condition, but it is probably not an error that would vitiate the 
measurements in the case of the animals remaining in good health and 
making the rate of growth described above. 

With the possible exception of the humerus, the relative size of the fe- 
mur, tibia and humerus as shown by the length-to-diameter ratios for each 
of these long bones is not significantly different from the normal. Although, 
as has been shown above, the long leg bones of the vitamin A-restricted 
animal have continued to grow in length relatively faster than the body 
weight has increased, they have likewise thickened or increased indiam-. 
eter at relatively the same rate so that quite normal symmetry of these 
bones results. The humerus shows a tendency to be relatively thicker 
the normal in both males and females on the restricted diet, when compari- 
sons are made between animals of the same age, but when comparisons 
are made between animals of approximately the same weight, the length- 
to-diameter ratios for the humerus of the animals on the vitamin A-defi- 
cient diets are practically the same as the ratio for the normal animal. 

Animals Restricted in Growth by a Diet Deficient in 

Vitamin B 

Vitamin B, as the term is here used, is the mixture of the antineuritic 
substance and vitamin B* or G, both being necessary for growth. 

For a period of 8 weeks following weaning (28 days of age), thirty-four 
animals were fed a basal diet free of vitamin B, plus daily wdghed portions 
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of whole milk powder to supply sufficient vitamin B to allow the animals 
just to maintain their weight during an experimental period of 8 weeks. 
Forty-four animals were fed from weaning age the basal vitamin B-free 
diet supplemented with such amounts of whole milk powder that an aver- 
age gain of SO-SS grams resulted in 8 weeks. The vitamin B-free diet 
No. 107 consists of casein 18 per cent, butter-fat 8 per cent, cod liver oil 
2 per cent, Obsome and Mendel salt mixture 4 per cent, and com starch 
68 per cent. This diet has been found adequate for normal weight develop- 
ment when sufficient vitamin B is supplied. Previous work in this labora- 
tory has shown that milk is relatively richer in vitamin Bj or G than in 
the antineuritic vitamin, hence the latter was the “first limiting factor” 
in these experiments. 

Relative to their body weight, both the animals restricted in growth 
to barely more than net maintenance, and those making moderate growth 
during the 8 weeks experimental period, showed longer bodies, greater 
chest girth, and hip width, and longer leg bones than did normal animals 
of the same age. 

Relative to their body length, the vitamin B-deficient animals were 
found to have smaller chests than did normal animals of the same age or 
the same weight. Like the vitamin A-deficient animals, those on the 
vitamin B-restricted diets showed a tendency to have longer leg bones 
in proportion to the trunk or body length than did the normal. 

The humeri of these animals are longer relative to the diameter than is 
the case with the other leg bones. It will be seen from Table I that al- 
though a definite lengthening of the humerus has taken place during the 
time the animals were on the vitamin B-deficient diets, the diameter of this 
bone is practically the same as was found for the normal rats 60 days 
younger. If we compare the size of the humerus of the animals on the 
diets low in vitamin B with the size of the same bone from normal animals 
of the same weight, the difference is even more pronounced than when 
animals of the same age are compared, the humeri of the vitamin B re- 
stricted animals being considerably longer relative to the diameter than 
is the case with normal animals of the same weight. A condition of bone 
growth is therefore indicated in these vitamin B-restricted animals that 
is not common to the other groups studied. 

Animals on Diet 16 

The animals on diet 16 that were used in this study had been on this 
diet for from nine to fifteen generations (average twelve) ; those on diet 
13 for from one to twenty-one generations (average nine), with the animals 
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in each age group averaging at least three generations. They were all 
taken from the same original stock and all were raised under identical 
laboratory conditions. In proportion to their weight the young animals 
from diet 16 have generally longer bodies than do animals from the better 
diet, No. 13. In the adult animals, however, there is no significant differ- 
ence in this respect. There appears to be little or no difference in the girth 
of chest nor in the width of hip, relative to their body weight, of the 
animals of the same age, or of the animals of the same weight on these two 
diets. 

The young animals on diet 16 generally show longer leg bones in re- 
lation to body weight then were found in the case of the diet 13 animals, 
but for the mature animals, or those over one year of age, the ratios in- 
volving these measurements are not significantly different. 

In proportion to their body length animals on diet 16 show a tendency 
when young to have relatively smaller chests and narrower hips than do the 
young on diet 13 when compared on an age basis, but the difference is 
insignificant for animals of the same weight. In adult life there appears 
to be little if any difference in the shape of the body of animals from the 
two diets. 

There is no significant difference from the normal in the length of the 
tibia, radius, femur, scapula or humerus in relation to the body length 
of the animals on diet 16 although when compared with the normal there 
appears to be a slight difference in the size of the tibia, humerus and femur 
in the very old rats on diet 16. A tendency was found for these bones in 
animals over one year of age to be slightly thicker or larger in diameter in 
relation to their length. 

It is quite significant that the ratios of measurements of body and bones 
of animals on the two diets, differing as do diets 13 and 16, should yield 
results so nearly alike. The small differences found in bone and body form 
of the rats from the two diets stand in contrast to the larger differences 
that have previously been found in the life span, reproductivity and re- 
sistance to lung infection of the animals on these two diets. Apparently a 
difference in diet may affect an animal in a serious and subtle way and 
still cause no marked effect on body form and stature. 

Summary 

A study has been made of the effects of certain diets on the form and 
development of albino rats. 

Compared with normal animals of the same age, measurements show 
that m the case of animals receiving a deficient supply of vitamin A there 
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resulted a lesser retardation of increase in the length of body and of leg, the 
chest girth, and the width of hips than in the body weight. In proportion 
to their body length, those animals which received a small amount of 
vitamin A food, and made gains in weight of 22-30 grams in 8 weeks, 
show about the same chest girth as normal animals. The leg bones of 
animals on the vitamin A-deficient diets were found to be relatively longer 
in proportion to their body length than the normal. With the exception 
of the humerus, the long leg bones showed no marked difference from the 
normal in size or shape. The humerus showed a tendency to be thicker 
in relation to its length, than was found in the case of the bone of normal 
animals of the same age, but there was practically no difference when com- 
parisons were made between animals of the same weight. 

The body form of albino rats stunted by a deficiency of vitamin B is 
also different from the body form of normal animals of the same age. 
Compared with normal animals of the same age, the animals retarded in 
growth because of a deficiency of this vitamin show, as in the case of the 
vitamin A-deficient animals, that there was a lesser retardation of in- 
crease in the length of body and legs, chest girth and width of hips than 
in body weight. In proportion to the length of the body, these animals 
have smaller chests and show a tendency to have longer leg bones rela- 
tive to their body length, than do normal animals of the same age. The 
humeri, especially, are relatively long and slender compared with the 
normal. 

A study was also made of the development of animals from a stock which 
for generations had received diet 16, a diet somewhat poorer than the 
normal, but one that earlier work has shown to be adequate for growth 
and reproduction through many generations. In the case of the mature 
animals, and here the larger numbers used in the comparison make the 
values of more significance, there appears to be no consistent difference in 
body trunk form of the animals on diets 16 and the better diet, diet 13. 

The younger animals on diet 16 generally show longer leg bones rel- 
ative to body weight than was found in the case of diet 13 animals of 
the same age, but the differences were negligible for animals of the same 
weight. The tibias, femurs, and humeri of the very old animals on 
16 show a tendency to be slightly thicker or greater in diameter relative to 
their length than is the case with the very old rats on diet 13. 

The small differences that have been found in the bone and body struc- 
ture of rats on diets 13 and 16 stand in contrast to the larger differences 
that have previously been found in the life span, reproductivity and re- 
sistance to lung infection of the animals on these two diets. 
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R ecently Sure (l), Evans and Burr (2), and Macy, Outhouse, 
et al. (3), have called attention to the fact that the Vitamin B- 
requirement for lactation is considerably higher than that needed for 
growth. In nutrition studies, in which the criterion of the eflSciency of a 
given food has been the production and growth of young, these investi- 
gators have pointed out that failure in normal development, and ultimate 
death in many cases, have been due to an insufficient amount of the 
antineuritic vitamin in the milk secretion. This vitamin deficiency is 
manifested in the suckling young by posterior paralysis, muscle in- 
coordination, screaming, running fits, and sudden collapse. On post- 
mortem examination, the stomachs were found to be full of curd. Hem- 
orrhages of the bones, especially at the junction of the occipitals and 
parietals were frequently observed. In the mother there was a marked 
loss in weight during the lactation period amounting to 20 and 30 per cent 
of the original weight (4). 

That the antineuritic vitamin content of woman’s milk, under certain 
conditions, may be below the physiological requirements of the human 
infant is well known. In beri-beri the untoward effects of the vitamin 
deficiency in the nursling are much more marked than in the mother. 
Even in seemingly adequately nourished women, it appears that the 
Vitamin B-content of the milk may be lower than has hitherto been 
appreciated. Macy, Outhouse, et al. (5), have observed that from 25 
cc. to 30 cc. of human milk were sufficient to furnish the vitamin B- 
requirement in young rats, whereas 35 cc. were necessary to produce 
continued growth in larger animals. At this level the animals reproduced, 
but lactation was unsuccessful due, the authors believe, to a deficiency 
in the antineuritic vitamin content of the milk. For successful lactation, 
it appears that from 3 to 5 times as much of this vitamin is needed as for 
growth. The authors conclude that “the average healthy mother is pro- 
ducing a milk exceedingly low in Vitamin B.” 

There are few data available relative to the antineuritic vitamin content 
of cow’s milk. Hopkins (6) obtained normal growth in young rats which 
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were receiving, in addition to a purified ration, 2 cc. of milk as the sole 
source of vitamin B. Kennedy and Butcher (7) found 10 cc. per day of 
either summer or winter milk adequate for the rat; whereas Osborne 
and Mendel (8), and Johnson (9) were unable to secure comparable 
growth with less than 16 cc. of cow’s milk. Gibson and Concepcion (10), 
working with polyneuritis in chickens, pigs and dogs, concluded that 
milk is a poor source of the antineuritic vitamin. Outhouse, Macy, 
et al. (11), obtained excellent growth in young rats during a period of 
twelve weeks when from 20 to 25 cc. of cow’s milk was the only source 
of the vitamin. Growth then became less satisfactory. The addition of 
0.4 gms. of fresh dried yeast brought about an immediate response in 
growth, whereas the addition of the same amount of autoclaved yeast 
was without effect. These results indicate that it is the thermolabile 
fraction which is the limiting factor in preventing the animals from at- 
taining the average adult .size on the milk diet. Somewhat similar results 
were obtained by Sure with dried milk (12). A ration consisting of 
50 per cent of dried milk, as the only source of the antineuritic vitamin, 
produced adequate growth, but failed to promote normal lactation in 
rats. The addition of a concentrated extract of wheat embryo, made by 
extracting the embryo with 25 per cent alcohol, or the addition of a 
dehydrated yeast or yeast concentrate resulted in an immediate response 
in mammary secretion, demonstrated by the improved well being of the 
young. These observations led the author to conclude that cow’s milk 
may be so lacking in the antineuritic vitamin as to be inadequate at times 
for the human infant. 

The reported low antineuritic vitamin content of cow’s milk suggested 
that the high mortality of the suckling young of milk-fed rats may be 
due in part to a too low concentration of this vitamin in the mother rat’s 
milk. If 60 per cent of the vitamin of the food is dissipated in the metab- 
olism and transfer to the milk (13), it seems possible that there may be 
too little left for proper nourishment of the suckling young. In our 
experience, however, the young of these milk-fed rats have never man- 
ifested the untoward symptoms characteristic of the antineuritic vitamin 
deficiency. 

In order to test this point, we have transferred stock-fed rats to milk 
diets just previous to, or just following, parturition. These diets have 
included milk “sterilized” by boiling or pasteurizing, raw milk, and boiled, 
irradiated milk, as well as several superheated milk preparations, in some 
of which the destruction of considerable amounts of the antineuritic 
vitamin has been demonstrated (14). In a certain number of cases 
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there were added to the milk, substances known to be rich in the anti- 
neuritic vitamin. These have included dehydrated yeast, an autolyzed 
yeast concentrate and an alcoholic (80 per cent) extraction of wheat em- 
bryo. In order to rule out the possible stimulating effect of other sub- 
stances in these, autoclaved autolyzed yeast concentrate, and autoclaved 

Table I 


Growth or Suckling Young of Milk Fed Rats 


Food* 

Date 

No. 

bom 

Wt. of lit- 
ter of 4 
at 4 days 

Wt. of Ht- 
ter of 4 
at 22 days 

Av. gain 
per rat per 
week 4 to 
22 days 

Mother wt. 
gain or loss 
4 to 22 days 

Remarks 




gms. 

gms. 

gms. 

per cent 


Milk. . . 

1/31 

13 

26 

132 

10.3 



Milk 

2/8 

6 

20 

45 

2.4 


1 died 19th day 

Milk 

Milk+dextri- 

3/25 

9 

28 

92 

6.2 


1 died 13th day 


6/1 

7 

30 

128 

9.5 

H--0 


Milk 

6/3 

9 

26 

144 

11.4 

+6.2 


Irradiated milk . 

6/11 

7 

36 

132 

9.3 

-7.7 

Irradiated 20 
min. at 2 ft. 

Irradiated milk. 

6/13 

10 

32 

138 

10.3 

-4.5 

Irradiated 20 
min. at 2 ft. 

Milk 

6/12 

6 

28 

106 

7.6 

-2.2 


Raw milk 

6/11 

6 

38 

114 

8.8 

-16.3 

Mother killed 
young 19th day 

Milk 

7/1 

8 1 

28 

44 

2.3 

-5.4 

Young died on 
16th day 

Milk 

11/7 

7 

24 

86 

9.4 

-3.4 

1 

1 died on 19th 
day 

Milk, Past 

9/lS 

9 

34 

72 

3.9 

+ -0 


Milk, Past 

11/13 

10 

40 

158 

11.4 

-21.4 


Milk 

1/31 

5 

28 

128 

9.7 

i 

+2.1 

Second genera- 
tion 

Average 



29.8 

107.7 

8.03 

-4.73 



* All milk was quickly boiled unless otherwise specified. 


wheat embryo extract also have been tested. Data pertaining to the 
development of the suckling young of rats receiving milk to which was 
added copper sulphate, the ash of wheat embryo, and soy beans respec- 
tively, as well as those receiving our stock ration, have been included for 
comparison. In a few cases the results of the second generation on a 
given food are reported. To all milk diets small amounts of iron citrate 
and potassium iodide were added. 
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In general, the number of young in each litter was reduced to four 
when the young were four days of age; with a few groups the litters were 
reduced within twenty-four hours after birth. This seems to have had an 


Tabu II 

Gxowth of SncKUMG Yoimo of Rats Fed Sufekheated Muks 


Food 

Date 

No. 

born 

Wt. of lit- 
ter of 4 
at 4 days 

Wt. of lit- 
ter of 4 
at22day8 

Av. gain 
per rat per 
week 

4 to 22 days 

Mother wt. 
gain or loss 
4 to 22 days 

Remarks 

Desiccated pro- 
tein milk 

3/2 

9 

gms. 

28 

gms. 

148 

gms. 

11.4 

per cent 

+2 


Desiccated pro- 
tein milk+0.01 
gm. Cai(P 04 )i 
4*2 drops of cod 
liver oil 

2/2 

8 

41 

116 

13.12 



Dried Milk No. 
No.P 

3/28 

8 

48 

166 

11.4 

-10.8 


Dried milk No. 

P+.Olgm. 
Ca,(P 04),+2 
drops cod liver 
oil 

4/26 

9 

36 

114 

7.6 

-11.3 


£vap. milk 

4/24 

mm 

44 

174 

12.6 

-3.9 


Evap. milk 

5/6 


30 

130 

9.9 

-f-3.9 


Evap. milk 

5/11 

■I 

40 

197 

15.3 

-4. 

One killed at 

Evap. milk 

5/12 


42 

174 

12.8 

-3. 

13 days 

Evap. milk-f- 
10 cc. wheat 
embryo extract. 

2/20 

1 

28 

90 

6.03 

-14.8 


Evap. milk+0.1 
gm.Ca,(P 04 )f 
+2 drops cod 
liver oil 

4/27 

8 

31 

196 

16. 

-f-0 


Dried milk No. 

2t+16% but- 
ter-fat 

11/13 

6 

40 

182 

13.8 

-1—0 


Dried milk No. 

2t+16% but- 
ter-fat 

1/31 

5 

28 

162 

13.03 

+2 

Second gen. 
Boiled milk 

Av 

■I 

■ 

36 

154 

11.9 

-3.6 



* Milk dried by the spray process. 

t Milk dried by the roller process. 16% of butter fat was added to make the composirion com- 
parable to Dried milk 1. 
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influence on the results. In a few instances the number raised was less 
than four, owing to the death of one or two of the group. In these the 
estimated weight is based on the performance of the two or three surviv- 
ing. The animals were weighed every three days. 

Our criteria of the efficiency of the food have been: 1 — the average gain 
per rat per week, between the fourth and twenty-second day; and 2 — the 
percentage of weight gain or loss in the mother during the lactation pe- 
riod. The results are given in the tables. 


Tabu: III 

Growth of Suckuno Young of Rats Fed Milk+Autolyzed Yeast 


Milk ad lih, + 
autolyzed yeast 
per day 

Date 

1 

No. 

bom 

Wt. of Ut- 
ter of 4 
at 4 days 

WtofUt- 
ter of 4 
at 22 days 

Av. gain 
per rat per 
week 

4 to 22 days 

Mother wt. 
gain or loss 
4 to 22 days 

Remarks 

gms. 



gms. 

gms. 

gms. 

percent 


0.3 

6/9 

10 

32 

180 

13. 

-8 


0.2 

2/17 

8 

24 

76 

5. 


One dead at 

9 days. 

Est. of 4 

0.6 

6/20 

6 

32 

148 

11.3 

4-7.3 


0.6 

11/6 

8 

32 

109 

7.5 

-4.9 


0.6 

11/15 

9 

37 

150 

10.9 

+~o 

Milk Pasteur- 
ized 

0.6 

2/18 

8 

32 

141 

10.7 

+14.2 

One dead at 13 
days. 

Est. of 4 

0.6 

11/19 

9 

37 

109 

7.4 

-4.9 


0.6 

2/19 


24 

105 

8.1 

-6.6 

Milk Past. 
Second gener- 
ation 

0.6 

2/12 

8 

1 

25 

76 

4.9 

-6.3 

Milk pasteur- 
ized 

Average 



30.5 

121.5 

8.7 

-1.02 



It will be observed that there was considerable variation in the growth 
of the young of these milk-fed rats, as well as in the gain or loss in weight 
of the mothers. There seemed to be little if any relation between gain in 
weight of the young and loss in weight of the mother. The average gains 
of the young of mothers receiving the superheated milk preparations 
(Table II) which, with the exception of dried milk 2, have been shown 
to contain considerably less antineuritic vitamin than equivalent amounts 
of quickly boiled T^ilk (14), were higher than those of the young of mothers 
receiving the simple milk diets (Table I), whereas the average loss of 
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weight among the mothers receiving the superheated milk preparation was 
slightly less than those of the mothers on the boiled milk. The average 
gains of the young of these superheated milk-fed rats were only slightly 
less than the young of the stock-fed animals (Table IV). The mothers 
of these stock groups, however, either held their own or made a slight 
gain during the lactation period. 


TabieIV 

Gkowih or SncKUNG Youkg or Rats Fed Mii.k-1- Autoclaved Adlolyled Yeast* 


Milk ad 
autoclaved au> 
tolyzed Yeast, 
per day 

1 

Date 

No. 

born 

Weight of 
litter of 4 
at 4 days 

"Weight of 
litter of 4 
at 22 days 

Average 
gain per rat 
per week 4 
22 days 

Mother wt. 
gain or loss 
4 to 22 days 

Remarks 

gms. 



gms. 

gms. 

gms. 

per cent 


0.6 

6/7 

9 

32 

130 

8.5 

+8.3 


0.6 

2/19 

4 

39 

150 

10.8 

-1-7. 

Second genera- 
tion 

0.6 

2/22 

9 

30 

172 

13.3 

-7. 

Second genera- 
tion 

0.3 

5/21 

8 

40 

170 

12.5 


Second genera- 
tion 

0.3 

6/28 

6 

30 

128 

9 5 


Second genera- 
tion 

Co. 3 

7/12 

7 

28 

130 

9.9 


Second genera- 
tion 

0.3 

7/12 

— 

24 

152 

12.4 


Second genera- 
tion 

Average 

■ 


32 

147 

11. 

4-1.7 



• The autolyzed yeast was dissolved in distilled water and autoclaved at IS lbs. for 6 hours. 


The addition of autolyzed yeast, either autoclaved, or non-autoclaved, 
was without significant influence on the development of the young, the 
average in the former group being comparable to that of the superheated 
milk fed animals, and only slightly less than the stock groups. The young 
of animals receiving the non-autoclaved, autolyzed yeast concentrate aver- 
aged somewhat less than those on the autoclaved, autolyzed yeast. 
Amongst the mothers receiving the milk and autolyzed yeast, there was 
considerable variation in the weights during the lactation period. With 
one exception, in which there was a gain of 14 per cent, these were less 
marked than those of the superheated or quickly boiled milk groups. The 
larger amount of autolyzed yeast (0.6 gms. per day), whether autoclaved 
or non-autodaved, seemed to protect the mother from the loss in weight 
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observed among the mothers of the milk and superheated milk groups. 
The addition of yeast resulted in excellent growth of young in two groups, 
and fair growth in a third. One mother gained, whereas two lost in weight, 
one of these more than any other in the series of animals studied. 

The young of the animals which received daily 10 cc. of wheat embryo 
extract in addition to their milk diets gained less than the young whose 
mothers were receiving the milk only. The additions of copper sulphate, 
the ash of wheat embryo and of soy beans respectively (Table V) to the 


Table V 

Growth or Suckling Young or Rats Fed Milk+Mineeals 


MUk ad lib.+ 
per day 

Date 

No. 

born 

Wt. of lit- 
ter of 4 
at 4 days 

Wt. of lit- 
ter of 4 
at 22 days 

Av. gain 
per rat per 
week 

4 to 22 days 

Mother wt. 
gain or loss 
4 to 22 days 

Remarks 

gms. 



gms. 

gms. 

gms. 

per cent 


CuSOi.OOlS... 
Wheat embryo . 

4/28 

9 

36 

168 

12.8 

-2. 


ash .071 

Soy bean ash 

5/1 

9 

30 

158 

12.4 

-9.5 


.071 

5/8 

9 

38 

130 

9. 

-8.7 


CuSOi.OOlS... 

7/16 

7 

32 

86 

5.2 

-18. 

Second genera- 
tion 

Average — 



34 

135.5 

9.8 

-9.5 



milk rations, resulted in fair growth of young and considerable loss in 
weight (Av.-9.5 per cent) of the mothers. The combination of wheat 
embryo ash and wheat embryo extract (Table VI) also resulted in satis- 
factory growth of young, and slight gains in weight of the mothers. 

An attempt was made to determine whether the variation in the re- 
sults with these milk-fed rats could be related to seasonable changes in 
milk. The experiments, therefore, were grouped according to the month 
during which the tests were made. Since there seemed to be no evidence 
that seasonable variations in the antineuritic vitamin content of the milk 
is the limiting factor in the development of these suckling young, these 
tables have not been included. 

It is quite possible that there are several factors responsible for the 
less-than-optimum development in the suckling young of some of our 
milk-fed rats. In the absence of any one, the others would not be manifest; 
and although the hypothesis of the antineuritic vitamin deficiency cannot 

















Table VI. 


Growth op Suckling Young of Rats Fed Various Types of Diets 
A. Milk-f- Wheat Embryo Extract* 


mikadlib.+ 

perdajr 

Date 

No. 

born 

Wt.oflit- 
literof4 
at 4 days 

Wt. of Ut- 
ter of 4 
at 22 days 

Av. gain per 
ratperweek 
4 to 22 days 

Mother wt. 
gainorlosss 
4 to 22 day 

Remarks 

Wheat embryo 



gms. 

gms. 

gms. 

percent 


extract 10 cc*... 

Wheat embryo 

2/lS 

3 

34 

142 

10.5 

+3 

Second gen. es- 
timate of 4 on 
wt.of3 

extract 10 cc... . 

Wheat embryo 

2/9 

7 

28 

34 

1.17 

. . . 

Young died at 
13 days 

extract 10 cc 

Wheat embryo 

5/9 

8 

30 

62 

4.7 


Transferred to 
another 
diet at 15 da. 

extract 10 cc... . 

9/17 


32 

116 


+2 

Second genera- 
tion 

Average 

■ 

■ 

29 

88.5 

5.64 

+2.5 



B. milk-f Autoclaved Wheat Embryo Extract* 


Wheat embryo 
extract auto- 





■1 



claved 10 cc. . . . 

3/12 

5 

28 

125 

B 

-2.6 

One died at 19 
days 


C. Milk — Wheat Embryo* and Wheat Embryo Ash 


10 cc. wheat em- 
bryo extract+ 
wheat embryo 
ash .071 gms.. . 

3/5 


29 

166 

i 

+2 


a 

3/24 


28 

144 


+ -0 


u 

1 

7/23 

7/31 

H 

28 

106 

7.5 

-5 

Second gen. 
milk past. 

u 

B 

34 

140 

10.3 

+4.8 

Second gen. 2 
died on 6th da. 









milk past. est. 
4on wt.2 

u 

7/20 

5 

34 

110 

7.4 

+ -0 

Second gen. 
milk past. 

Average — 

Bi 

Bi 

31 

133 

9.98 

+1,16 







































SepL, 1919 


DANIELS, JORDAN AND HUTTON 


27 


Table VI (Continued) 
D. Milk4* Dehydrated Yeast 


perday 

Date 

No. 

bom 

Wt. of lit- 
ter of 4 
at 4 days 

Wt. of lit- 
ter of 4 
at 22 days 

Av.gainper 
ratperweek 
4 to 22 days 

Mother wt. 
gain or loss 
4 to 22 days 

Remarks 

Yeast 0.4 gms... 


7 

30 

132 

9.9 

-4.5 


Yeast 0.4 gms... 


8 

40 

142 

13.6 

-22.7 


Yeast 0.5 gms... 


6 

42 

168 

12.3 

+1.6 


Average 


■ 

37 

147 

11.9 

-8.5 





E. 

Milk-fLettuce 



10 gms 

6/3 

6 

46 

164 

13.9 

-1.9 



F. Stock Ration t 


Stock 

2/12 

4/23 

6/7 

H 

34 

20 

36 


m 

+ --0 
+ -0 
+3.8 


Stock -f- lettuce. 
Stock-f lettuce . 

Average 



30 

168 

13.1 

+1.2 



t The stock ration consisted of yellow com, cooked soy beans to which was added 30 grams 
of CaiCPOi)^ and 15 grams of NaCl to 4 pounds of dry beans, and milk ad. lih. 

* An 80% alcoholic extraction of wheat embryo so diluted that 1 cc. contains the extract of one 
gram of the embryo. 


be entirely ruled out, our results offer little evidence in support of it. 
The excellent growth of the suckling young of the animals fed the super- 
heated milks which have been demonstrated to be lower in the anti- 
neuritic vitamin than other forms of heat-treated milks, together with 
the comparatively slight loss in weight of the mothers during the lactation 
period, suggests that the variations in these milk-fed animals may be due 
to the idiosyncracies of the rats and not to any antineuritic vitamin de- 
ficiency. It may be difficult in some cases to ingest enough milk to quite 
meet the caloric needs of the lactating animal, or the flavor and texture 
of the milk may be distasteful. The fact that our animals have never 
manifested any of the typical symptoms of the antineuritic deficiency 
also argues against the hypothesis of the vitamin deficiency. 

Contrary to the work of Sure (4), we have found in our milk-fed rats 
no relation between the gain in weight of the young and loss of weight in 
the mother. Nor have we found in a series of experiments reported else- 
where (14), that a too low antineuritic vitamin content of the diet of the 






























28 


SUCKLING YOUNG OF MILK FED RATS Vol. 11, No. 1 


mother, manifested in the young by the characteristic symptoms outlined, 
is consistently accompanied by loss of weight of the mother. Among our 
milk-fed animala there was excellent development of the young in some 
cases, and outstanding loss of weight in the mother; in others there was 
excellent development in the young and no loss in weight of the mother. 

Sure (15) has postulated that the antineuritic vitamin content of the 
cow’s milk mixtures used in infant feedings may be below the physiolog- 
ical requirement of the human baby. He has based his conclusions 
on feeding experiments with rats receiving a ration in which the anti- 
neuritic vitamin was furnished by 50 per cent of dried milk. Hoobler 
(16) also has suggested that a milk mixture consisting of cow’s milk and 
corn syrup (Karo) may contain too little vitamin B for the average baby. 
Indeed it has been observed by a number of investigators (17) that the 
additions of concentrated extracts of vitamin B preparations to the milk 
feedings of the artificially fed infant have resulted in stimulation of growth. 
Our results with rats do not indicate that the antineuritic vitamin content 
of milk is so low as to need fortifying in the artificial feeding mixtures 
of normal infants. A suckling rat may double its w'eight in six days, 
whereas an infant may double its weight in four to five months. The 
young rat therefore grows about twenty-five times as fast as the baby. 
According to Sure, Evans and Burr, and Macy, Outhouse, et al., from three 
to five times as much of the antineuritic vitamin is required for lactation 
as for normal growth. In our experiments one rat suckled four young. 
It would seem, therefore, that any food which can furnish enough of the 
antineuritic vitamin for the development of four suckling rats, must 
contain enough for the normal human infant. It would seem, even, 
that there would be a considerable margin of safety. 

In view of the results with our rats, one is led to wonder if the stim- 
ulation of growth in infants following the addition of the vitamin B- 
containing substances to the artificial feeding mixtures was due to other 
materials contained therein, or to the fact that the antineuritic vitamin 
in cow’s milk is less available to the human infant. Experiments to deter- 
mine this are in progress. 

Summary 

An attempt has been made to determine if the high mortality of the 
suckling young of milk fed rats is due to a deficiency of the antineuritic 
vitamin content of the milk. Stock-fed rats, either just previous to or 
following parturition, were given various types of milk diets, some of 
which were distinctly lower in the antineuritic vitamin than others. 
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The influence of the addition of substances known to be rich in the vitamin 
was tested, as well as the influence of certain inorganic substances. 
The results of the investigation indicate that the less-than-optimum 
growth in some of the suckling young of the milk fed groups is not due 
to a deficiency of the antineuritic vitamin in the milk secretion, but to 
the inability of the particular rat to ingest a sufiicient amount of milk 
to meet its caloric requirements, or to a general distaste for the food 
so that too little is eaten. 
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The use of diets high in fat and extremely low in carbohydrate in the 
treatment of idiopathic epilepsy has become increasingly popular in the 
pediatric clinics of America since its introduction by Wilder (1) and 
Peterman (2). It was first suggested as a possible substitute for fasting, 
which had previously been shown by Guelpa and Marie (3) and by 
Geyelin (4) to cause a cessation of seizures in many severe cases of the 
disease. The peculiar effectiveness of fasting and of the ketogenic diet 
was thought by Wilder and Peterman to be due to the anaesthetic action 
of the ketone bodies formed in the tissues. Other observers believe that it 
owes its therapeutic value to its effect upon the acid-base equilibrium. 
The latter believe that it corrects an abnormal tendency toward 
the spontaneous development of alkalosis in these subjects. While 
there is some theoretical evidence in favor of each of these more or less 
plausible explanations, we believe at the present time that the dehydrating 
effect of such regimens is the primary factor in favoring the cessation of 
convulsions (5). 

No matter what the true mechanism of its action may be, the low- 
carbohydrate, relatively high-fat diet, together with definite restriction 
of the total water intake, offers the most effective and most promising 
type of therapy for the epileptic child. Since the patient must remain on 
rather limited regimen almost indefinitely, it is extremely important that 
every precaution be taken to prevent injury to the body from any sort 
of dietary inadequacy. Not only the total energy value of the diet but its 
content in protein, vitamins, mineral elements and other necessary con- 
stituents must be considered in order that optimum amounts for normal 
growth and development may be given. The present communication deals 
chiefly with the phase of the problem relating to the protein require- 
ment. 

Practically all of the authors (2,6,7) who have described their practise as 
regards protein allowance in the strongly ketogenic diets used, have 
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assumed that one gram of protein per kilogram of body weight is sufficient 
to meet all requirements. In a carefully conducted study of the protein 
needs of diabetic children between the ages of 4 and 14 years on relatively 
high-fat, non-ketogenic diets, Bartlett (8) found that from 0.6 to 1 .0 gm. per 
kilogram of body weight was sufficient to maintain a positive nitrogen 
balance and to allow normal growth and development, so long as the total 
caloric requirements were fulfilled. No similar study has been made on 
children living on the strongly ketogenic diets used in the treatment of 
epilepsy. In connection with other experimental studies on a series of 
epileptic children receiving extremely low carbohydrate diets, we have 
made observations on the nitrogen balance under different conditions. 
The following is a report of results from six of these subjects. 

Plan of Study and Methods Used 

The time of each experiment was divided into periods according to 
variations in the dietary regimens which were being tested as to their 
efficiency in preventing epileptic seizures. With a few exceptions, the 
total caloric value of the diet remained unchanged throughout individual 
experiments. The special influence of the acid-forming and base-forming 
elements of the diet was determined in two instances. The effect of 
convulsions on the total amount of nitrogen eliminated was incidentally 
observed. 

The patients, ranging in age from 5 to 15 years, were entirely well 
throughout the periods of observation except for the convulsive seizures, 
which they had during certain of the sub-periods. They were kept in 
bed during periods of fasting and for a portion of each day during the 
special diet periods, but were allowed to walk about their rooms for 
mild exercise at other times. Water was allowed ad libitum in the exper- 
iments reported here, but it may be said in passing that the factor of 
dehydration, as observed in some of our other studies, has exerted no 
apparent influence upon the nitrogen balance. The patients were managed 
in accordance with such requirements as those outlined by Gephart and 
DuBois (9), so far as this is possible in an ordinary pediatric division, 
and the diets were carefully calculated from the tables of Atwater and 
Bryant (10). The total caloric values of the diets were calcualted to be 
approximately adequate for maintaining body weight under ordinary 
conditions or for allowing slight gains only. The proteins used were varied, 
but were chiefly from animal sources. No experiments have been included 
in which the food given was not all consumed or in which urine specimens 
were incomplete. All specimens were kept in the refrigerator with toluol 
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as a preservative. Determinations were always made daily on the 24- 
hour samples, excepting on Sundays. The latter exception appears to 
have made little or no difference under the circumstances. Unfortu- 
nately, fecal nitrogen could not be determined regularly, but was de- 
termined a few times in patients on different levels of protein intake 
in order that the approximate magnitude of this factor might be appre- 
ciated. In these instances the samples were collected in 4-or 5-day 
periods marked by carmine or charcoal in the usual manner. The total 
nitrogen of the urine and of the feces was determined by the macro- 
Kjeldahl method as modified by Folin and Wright (11). The permutit 
method of Folin and Bell (12) was used for the urinary ammonia. In 
order that the relationship of ketosis to protein destruction might be 
ascertained, the urinary excretion of acetone bodies was determined, 
the colorimetric method of Behre and Benedict (13) being used. For 
the total titratable acid of the urine the procedure of Henderson and 
Palmer (14) was employed. 

Results 

For the sake of brevity and clearness, the data obtained are presented in 
graphic form on the accompanying charts, which are largely self-ex- 
planatory. The body-weight curves in the various charts indicate that 
the energy values of the rations given were sufficiently high to prevent 
loss in weight beyond the slight temporary changes due to the dehy- 
drating effect of such diets (15). 

When it is desirable to consider the fecal nitrogen, it will be necessary to 
accept approximate estimations based upon a small number of determin- 
ations made on children taking maintenance diets, the constituents of 
which were similar to those in the present study. The approximate ratios 
of urine nitrogen to fecal nitrogen for three different levels of protein 
intake in these cases were as follows : for 4 grams of protein per kilogram, 
of body weight, 13 to 1; for 2 grams per kilogram, 10 to 1 and for 1 gram 
per kilogram, 10 to 1. It is obvious that these average ratios are modified 
by too many factors to be of real assistance in accurate calculations of com- 
plete nitrogen balance, but they are of value in indicating the approximate 
amount of nitrogen lost by this route. 

The data recorded in Chart 1 were obtained from a 40-day experiment 
with an epileptic girl 8 years of age on a carbohydrate-free diet. This 
period was subdivided into five almost equal periods, in which different 
levels of protein intake were maintained. The diet remained isocaloric 
throughout the entire time, a sufficient number of calories in the form 
of fat being added to replace the protein calories withdrawn with each 
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Cha*t 1. Variatioiis in nitrogen balance on different leveU of protein intake. Carbohydrate-free diet. Patient: J. T. epileptic girl, aged 8 years. 
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change. The initial loss in body weight, amounting to slightly over one 
kilogram, occurred during the period of very high protein ingestion. 
There are two characteristics of the diet itself which explain this, namely, 
its dehydrating effect (15) and the specific dynamic action of the large 
amount of protein eaten. Assuming the fecal to be one thirteenth as 
much as the urinary nitrogen, it is apparent from the chart that the pa- 
tient maintained a positive nitrogen balance in spite of this decrease in 
weight. During the second period, when the protein intake was 2 grams 
per kilogram of body weight, the curve representing the quantity of 
urinary nitrogen practically coincided with that designating the nitrogen 
intake. An almost identical relationship is seen also between the two 
in the third period, when 1.5 grams of protein per kilogram were given. 
There was, therefore, a negative nitrogen balance in these two periods 
equivalent to the amount of the fecal nitrogen. During the two succeeding 
periods, when the ratio of ketogenic to ketolytic substances entering into 
the metabolism was greatly increased, the ratio, food nitrogen: urinary 
nitrogen, reached a level far below unity. From the data obtained it is 
estimated that the subject destroyed approximately 14 extra grams of her 
body protein daily during the last period and 15 grams daily during the 
preceding period. There were no definite symptoms directly referable to 
the protein imderf ceding during the time of observation. 

Chart 2 presents similar data obtained from an experiment on a 13 
year old epileptic boy, who had but two mild seizures during the entire 
period of observation. The diet consisted entirely of protein and fat. Four 
levels of protein intake, ranging from 4 to 0.67 grams per kilogram of 
body weight, were tried over periods of 7 days each. There was an initial 
loss of weight similar to that noted in the previous case, but this was later 
regained when more fat and less protein were given. It is evident from 
the chart that the average ratios of food nitrogen to urinary nitrogen for 
the various periods were not very different from those in the experiment 
on the younger girl. During the short final period, when 0.67 grams of 
protein per kilo were given, there was an average daily loss of nitrogen 
equivalent to 26 grams of body protein. 

The comparatively short experiment outlined in Chart 3, is similar to 
the foregoing, except for the fact that the order of the periods was reversed 
and the diet contained a small amount of carbohydrate. The subject of 
the study was a 14 year old boy with moderately severe epilepsy. In- 
spection of the results reveals the fact that there was a very significant 
negative nitrogen balance during the initial period when but one gram 
of protein per kilogram of body weight was taken. During the second 



36 


PROTEIN METABOLISM OF CHILDREN Vol. II, No. 1 


period, however, it is evident that the patient was in nitrogen balance or 
showed slightly positive balance on 2 grams of protein per kilogram. 
The food contained 12.8 grams, whereas the urine contained but 11.3 
grams daily. There was, therefore, an average of l.S grams more nitrogen 
in the diet than in the urine. If the 10 to 1 ratio of urinary to fecal nitro- 
gen is used to estimate the probable amount of nitrogen lost in the stool. 



Chart 2. Nitrogen intake and output of J. B., a mildly epileptic boy aged 13 years, on carbo- 
hydrate>free diets containing varying amounts of protein. 


it is evident that there was an average retention of approximately 0.4 
grams daily. For the last period, during which the diet contained 3 grams 
of protein per kilogram of weight or 19.2 grams of nitrogen daily, the 
24-hour output of nitrogen averaged 15.5 grams by way of the kidneys 
and 1.3 grams (estimated) by way of the intestinal tract. There was thus 
a retention of nitrogen amounting to approximately 2.4 grams daily. 
Comparison of these results with those of the previous experiments shows 
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that even so small an amount of carbohydrate as 15 grams had a very 
definite protein-sparing effect. 

The relationship of the state of ketosis to the nitrogen balance is shown 
graphically in Chart 4. The data presented were obtained from a study 



Cbast 3. Nitrogen balance study on B. J., an epilepdc boy 14 years of age, showing protdn- 
sparing effect of carbohydrate. 


made over a period of 34 days on a IS year old epileptic girl. This differed 
from the foregoing eiqieriments in that two 3-day fasting periods were 
included. An interesting fact, which is illustrated here and which we have 
noted repeatedly is that the degree of ketonuria is diminished tempor- 
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Chart 4. Rektionship of fasting and dietary ketods to protein requirement, J. R., epileptic girl aged 15 
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arily following the change from fasting to a strongly ketogenic diet or 
vice versa. Weymuller and Schloss (16) also observed the reduction of 
dietary ketosis by fasting. The explanation, which they suggest for this, 
is that the proportion of ketolytic material in the mixture metabolized 
during the early part of the fast is greater than during the preceding 
period when the large amount of fat was given. At the same time the sharp 
reduction in metabolism due to the fast tends to spare body fat. Why the 
intensity of the fasting ketosis is temporarily diminished, as in our experi- 
ments, by diets having fatty-acid-to-glucose ratios above 3 to 1 and which 
later resulted in degrees of ketonuria greater than those occurring during 
the fast, is not apparent. It is possible that more of the fat from the diet 
was shunted to the fat depots immediately after the fast periods to re- 
place some of the body fat removed during the fast. 

It is evident that the amount of nitrogen eliminated during the periods 
of fasting diminished in spite of increasing ketosis. Since the patient had 
previously been on a ketogenic diet with an inadequate protein allowance 
before each fasting period, this tendency for conservation of body 
protein may possibly be explained on the assumption that the stores of 
' deposit” protein had been partially depleted. 

Although the total calories and the amountsof pre-formed carbohydrates 
remained the same in periods II and III, it is apparent that the average 
ratio of food nitrogen to total nitrogen excreted for period III (0.97) was 
very definitely greater than that for period II (0.69), when the degree of 
ketosis was much more marked. It is obvious that the convulsive seizures 
which occurred toward the end of period III did not cause a detectable 
increase in nitrogen elimination. 

The diet of period V differed from that of period III in that 18 grams of 
fat were substituted for the 12 grams of carbohydrate in the latter. The 
chief purpose of this part of the experiment, as regards the nitrogen metab- 
olism, was to compare the protein-sparing effect of fat to that of carbohy- 
drate under the special conditions present. In spite of the far greater 
degree of ketosis during period V, the average ratio of food nitrogen 
to excreta nitrogen for this period (0.94) was barely below that of period 
III (0.97). Of course, it is obvious from the chart that this average ratio 
for period V is slightly too high, because there were several days at the 
beginning of the period during which food nitrogen was evidently being 
retained to replace nitrogen lost during the preceding fast. The chart, 
inddentaily shows an additional fact of interest as regards non-diabetic 
dietary ketosis, namely, that there is a tendency for adaptation on the 
part of the body, such that the degree of ketosis gradually decreases on 
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a given diet. It is quite apparent, however, that an allowance of 1.5 grains 
of protein per kilogram of body weight is inadequate in the presence of 
ketosis, even in older children. 

The 23-day experiment represented in Chart 5 was designed primarily 
to determine the special influence of the non-ketogenic acid-forming and 
base-forming elements of the ketogenic diet on the seizure tendency in 





Chaat 5. Nitrogen balance during ketosis as influenced by the fixed acid and fixed base content 
of the diet. S. G. epileptic boy, aged 5 years. 

the epileptic patient. Following a three-day preliminary fast, the subject, 
a 5 year old boy with severe epilepsy, was placed for 14 days on a main- 
tenance ketogenic diet, containing P. 15, F. 122 and C. 6 grams. For the 
first 6 days the carbohydrate was derived exclusively from the cereal 
grains, which have an acid ash; while, during the next 6 days, it was given 
in'^the form of the leafy vegetables, the ash of which is preponderantly 
alkaline. Since a considerable amount of bran was included in the diet of 
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the first 6 days, the amount of indigestible roughage was not very different 
during the two periods. The base from the base-forming elements in the 
alkaline-ash was supplemented by the amount of NaHCOs calculated to 
be necessary for complete neutralization of the excess of inorganic acid 
derived from the acid-forming constituents. Following the alkaline-ash 
period, the diet of the acid-ash period was resumed for two days before 
the third general period was begun. The latter was characterized by com- 
plete lack of carbohydrate in the diet, which, however, remained isocaloric 
with the preceding. 

Following the increase in urinary acetone bodies during the fast, there 
was a significant rise in the total nitrogen of the urine on the last day. 
The ammonia nitrogen was increased at the same time but is seen to ac- 
count for a minor fraction only of the excess total nitrogen. The demand 
made upon the body protein for ammonia to neutralize the extra organic 
acids formed under these conditions is far less significant than that for the 
ketolytic fraction of the protein molecule. This is apparently true for diet- 
ary as well as for fasting ketosis. Changes in the total titratable acid of the 
urine do not correspond directly with those in the total acetone bodies. 
The only significant change was the gradual rise during the last period 
of the experiment, when the amount of protein in the diet was trebled. 

The most interesting feature of the study is brought out by a compari- 
son of the results during the “acid-ash” and “alkaline-ash” sub-periods of 
period II. Although the diet for both periods contained the same amounts 
of protein, fat and carbohydrate, the average ratio, food nitrogen : urinary 
nitrogen, was 0.6S for the former and 0.92 for the latter. The urinary 
ammonia was slightly higher during the acid-ash period and the total 
acetone bodies IS per cent lower than during the alkaline-ash period. 
Body weight lost during the fast was rapidly regained during the latter 
period. A goodly portion of this was probably in the form of water. There 
were many more convulsive seizures during this period than during the 
acid-ash periods. 

It would appear from this experiment that the added base exerted a 
protein sparing effect. It has been shown by Rubner (17), and confirmed 
by others, that indigestible roughage in the diet increases the proportion 
of nitrogen lost by way of the stools. The difference between the amounts 
of roughage in the two diets under comparison was too small, however, 
to explain the 30 per cent decrease in urinary nitrogen during the alkaline- 
ash period. The small difference in the ammonia nitrogen for the two will 
account for but a minor fraction of the sparing effect observed. Adolph 
(18) has shown clearly that the rate of elimination of ingested urea and 
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ammonium salts in the case of a normal subject is dependent in large 
measure upon the add-base equilibrium of the body. He found that these 
substances were excreted by the kidneys more readily when the balance was 
toward the acid side and less so in the presence of a reaction in the op- 
posite direction. While the conditions of his experiments and those under 
discussion were somewhat different, it seems probable that the factor 
of add-base equilibrium per se might have contributed to the difference 
in nitrogen excretion in these two periods. However, another possible 
explanation for the greater amount of urinary nitrogen during the add-ash 
period is that body protein was less extensively utilized for its ketolytic 
fraction during the alkaline-ash period. Haldane (19) has shown that 
alkalosis induced in a normal man by alkali administration inhibits car- 
bohydrate metabolism to a marked degree and produces ketosis. The 
increase in the intensity of dietary ketosis together with the diminished 
nitrogen output in our experiment strongly suggests that the process 
of breaking down tissue protein for its antiketogenic fraction was held in 
relative abeyance during the alkaline-ash period because carbohydrate 
metabolism per se was less active. 

As seen from the chart, positive nitrogen balance was established during 
period III, when the diet contained 3 grams of protein per kilogram of 
body weight. The greater degree of nitrogen retention during the early 
part of the period probably indicates replacement of the body protein lost 
during the previous periods. The increase in ammonia nitrogen corre- 
sponds with the the increase in the total titratable acidity of the urine 
resulting from the increased utilization of protein. 

That the extra muscular exertion incident to the convulsive seizures had 
little or no effect on the total nitrogen balance is again evident from the fact 
that seizures were far more frequent during the alkaline-ash period and 
during period III than at other times. 

In Chart 6 are presented the results of an experiment on a 13 year old 
epileptic girl, which extended over a period of 64 days. This time was 
divided into sub-periods, during which various dietary regimens were 
tested regarding their efficiency in controlling seizures. The total urinary 
nitrogen, ammonia, acetone bodies and titratable acidity were determined 
daily throughout the 64 days. The body weight was measured at frequent 
intervals. The diet remained isocaloric except for two 4-day fastin g periods 
and the last dietary period. In the latter instance it was increased 60 
calories daily. 

The body weight remained practically uniform when the diet was being 
given, although there was the expected loss during the fasting periods. 
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While the degree of ketosis measured for the two fasting periods was 
practically the same, the nitrogen elimination was very different. In the 
initial fasting period, which followed a period of comparatively low nitro- 
gen intake, the average daily excretion by way of the kidneys was 5.9 
grams; whereas, the average for the second fasting period, which followed 
an extremely high protein diet, was 11.2 grams. 

The data for periods II and III are similar to those of period III of the 
preceding experiment (see Chart 5). The diets of these two periods were 
identical, except for the fact that the diet of period III was arranged to 
have a basic-ash in the manner described in the preceding protocol. 
The apparent protein-sparing effect of the extra base given during period 
III is striking when compared with the nitrogen waste of period II. The 
daily average of the ratio, food nitrogen : urinary nitrogen, for the latter 
period was 0.66, whereas that for period III was 1.07. The possible reasons 
for this difference have already been suggested. It is obvious that 0.9 
grams per kilogram of body weight is insuificient for complete nitrogen 
balance in the presence of dietary ketosis. The data of diet period IV 
show that 1.5 grams protein per kilo of weight is inadequate, when the 
diet contains no carbohydrate but a preponderance of fat. During period 
V no carbohydrate was allowed but a sufficiently large proportion of the 
total calories (over 44 per cent) was given in the form of protein to pre- 
vent the development of ketosis. The ketosis existing at the beginning 
of the period had disappeared entirely by the third day. Although the 
urinary nitrogen averaged 26 grams per day and the stool nitrogen 2 
grams, there was a positive balance of nitrogen, amounting to 6 grams 
daily. A large portion of the ingested protein was doubtlessly utilized for 
the antiketogenic portion of its molecule. Another reason for the excessive 
utilization of protein at this time was the greater demand for energy due 
to the increased frequency of seizures and to the specific dynamic effect of 
the protein given. There was probably not only a replacement but an added 
storage of “ deposit’’ protein during the period, as judged from the excessive 
output of nitrogen during the first days of the fast that followed. 

The diet of period VII was the same as that for period IV and the effects 
were almost identical, except for the fact that the ketonuria was definitely 
less marked. It is obvious from a glance at the chart that the average 
ratio of food nitrogen to urinary nitrogen is slightly less than unity (0.93) 
as in period IV. In period VIII, there was a substitution of 15 grams of 
carbohydrate for 15 grams of the protein given in the diet of period VII. 
Otherwise the two were the same. It is seen that the average ratio, food 
nitrogen ; urinary nitrogen, was lower (0.82) in period VIII, although 




Crakt 6. Variatio&8 in nitrogen metabolism with different levels of protein intake and different degrees of 
ketosis. Comparison of nitrogen excretion of fasting periods preceded by different levels of protein ingestion. 
Effect of fixed acid and fixed base of ketogenic diet upon nitrogen balance. M. P. epileptic girl, aged 13 years. 
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the daily urinary nitrogen averaged more by 2.2 grams during period VII. 
The results show that the diet of period IX, which was identical with that 
of period VII except for the addition of IS grams of carbohydrate, brought 
the patient nearer to nitrogen balance, the food-nitrogen to urinary-nitrogen 
ratio being 1.08. Of course, if the amount of fecal nitrogen is estimated to 
be 10 per cent as great as that of the urine, it becomes obvious that there 
was a small negative nitrogen balance for the period. 

Discussion 

The data presented show very definitely that up to the present time far 
too little protein has been allowed in the strongly ketogenic diets used in 
the treatment of epilepsy in children. In the present experiments the 
attempt was made to determine the approximate amounts required for 
nitrogen balance under different conditions, no effort having been made to 
determine the extra amount needed for normal growth of body tissues. 
It is certain that the ketosis, for which these diets have in the past been 
given, steps up the protein requirement very greatly. We feel certain that 
two grams per kilogram of body weight is much nearer the true protein 
requirement in the very strongly ketogenic regimens than the one gram 
previously considered adequate. 

While we have no definite evidence of harmful effects from our compara- 
tively short-time experiments, it is practically certain that such effects 
would manifest themselves after many months on such a regimen. We have 
recently found evidence of a close relationship between the water balance 
of the body and the occurrence of seizures in epilepsy (5). It is entirely 
possible that certain patients, who have become refractory to the ketogenic 
diet, after adhering to it over a considerable period of time, have done 
so because of a tendency toward abnormal hydration of the tissues sec- 
ondary to partial protein starvation. The ultimate effect of a diet deficient 
in protein upon growth and development is too well known to require 
special comment here. 

Whether the protein-sparing effect of added base during dietary ketosis, 
as demonstrated in experiments 5 and 6 (Charts 5 and 6), might be de- 
sirable in some situations is possibly open to question, but its employ- 
ment in the case of the epileptic subject is rendered impossible by the 
fact that alkali administration tends to increase the frequency of seizures. 
The amount of protein required to establish positive nitrogen balance and 
allow an increase in growth without carbohydrate and with too little fat 
to permit the development of ketosis, is extremely great, but this can be 
done. From the observations of Stefansson, regarding the Eskimos, and 
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of lieb and Tolstoi (20) on human subjects living exclusively on meat 
diets, it appears to be certain that no harm is done by diets extremely 
low in carbohydrate, even when these are used over long periods of time. 
We have observed that the Eskimo type of diet, even when non-keto- 
genic, is often effective in preventing epileptic seizures, if the water intake 
is rather rigidly limited. 

Another interesting and probably significant observation, regarding 
the effect of the low-carbohydrate type of diet upon the general condition of 
children, is that they appear to remain comparatively free from the com- 
mon acute infections and complain less of the cold weather during the 
winter months. It is planned to make some properly controlled studies on 
these and other similar questions within the near future. 

Summary and Conclusions 

The extra factors governing the protein requirement of epileptic chil- 
dren on diets high in fat and extremely low in carbohydrate have been 
studied in six subjects, ranging in age from 5 years to 15 years. It has 
been demonstrated clearly that the protein allowance, now being used 
rather widely, of one gram per kilogram of body weight is far too meagre 
for growing children on strongly ketogenic diets. When as much as one- 
half to one-third of a gram of carbohydrate per kilogram of weight is 
being given, one and three-fourths to two grams of protein is probably 
adequate. More should be given when the carbohydrate intake is lower 
than this. 

The factor chiefly responsible for the excessive demand on the protein 
under these conditions is the ketosis, which taxes the protein molecule 
for its ketolytic fraction. When sufficient base occurs in the diet to approxi- 
mately neutralize the acid from its acid-forming constituents, the rate 
of nitrogen excretion is definitely decreased. Possible explanations for 
this are discussed. 

The epileptic convulsion per se appears to exert very little, if any, direct 
effect upon the total urinary nitrogen. Possible additional uses for diets 
low in carbohydrate and high in fat and protein are mentioned. 
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T he fact that vitamin B,old nomenclature (1), consisted of at least 
two factors, one of which was more heat-stable than the other, was 
perhaps first clearly demonstrated by testing one vitamin preparation on 
two species of animals. Thus, Smith and Hendrick (2) reported that an 
amount of a “ vitamin picrate” from yeast that Seidell had found sufS^cient 
to prevent the loss in weight of adult pigeons fed solely on polished rice, 
did not permit the growth of young rats. These rats grew, however, 
when the “vitamin picrate” was supplemented with a small quantity of 
autoclaved yeast, a material that Goldberger and his collaborators (3) 
had demonstrated to be ineffective, even in very large quantities, as a 
substitute for dried yeast in the diet. Numerous observations in other 
laboratories have fully confirmed and amplified these early demonstra- 
tions of the marked difference in stability towards heat of the two factors 
that were formerly called vitamin B, not only with the rat as experimental 
animal but with other species as well. The studies of Hauge and Garrick 
(4) and of Hogan and Hunter (5) indicated that growing pigeons and 
chickens may require both the heat-stable and heat-labile factors. It 
seemed desirable to extend such observations concerning the require- 
ments for these factors, vitamins B and G according to present nomen- 
clature (6), to still another species. We have, accordingly, tested various 
dietary regimes upon the albino mouse. This species although it is very 
closely related to the rat, has exhibited certain striking differences in its 
nutritive requirements; some of them have been described by Beard (7). 

In the main, our experiments have indicated that the mouse is no ex- 
ception to the rule that the heat-stable (G) and the heat-labile (B) vita- 
mins are necessary for normal growth. It has seemed from the investi- 
gations reported herein that the mouse requires less of the heat-labile 
fraction, in absolute quantities, than the rat, a finding that is not without 
interest since Beard has shown (8) that the growing mouse needs just 
about the same amount of vitamin B (B-fG) as a growing rat. Further- 
more, the appearance of certain skin lesions somewhat similar to those 
described by Goldberger and Lillie (9) as the result of a vitamin Gde- 
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fident diet, has been obtained more consistently, perhaps, than records 
in the literature would indicate to have been observed in the rat. 

Expekiuents 

In these experiments we have used the spedal inbred strain of Bagg 
albino mouse obtained from the Cold Spring Harbor Station for Experi- 
mental Evolution through the kindness of Doctor E. C. MacDowell. 
Some of the young mice were obtained directly from Doctor MacDowell’s 
laboratory and the rest were bred and reared in New Haven from his 
original stock. Thus, we were assured of the genetic homogeneity of our 
experimental animals, a matter of considerable importance in mouse work, 
we believe, since different strains may vary in their growth and behavior 
on experimental rations. Young mice between three and four weeks of age 
were taken from their mothers and placed in individual metal cages 
with wire-screen false bottoms. Because of the susceptibility of mice to 
sudden changes in temperature, the animal room was maintained be- 
tween 74° and 80° F. during the entire time the experiments were in 
progress. 

The basal diet consisted of purified casein 31 per cent, purified corn- 
starch 38 per cent, hydrogenated vegetable oil* 24 per cent, and Osborne 
and Mendel salt mixture* 7 per cent. This food, together with drinking 
water, was available to the mice at all times. In addition the following 
supplements were fed apart from the rest of the diet. Two drops of cod- 
liver oil were fed to each mouse daily. One group of mice received daily 
200 mgms. of dried yeast’ per mouse. Another group received 200 mgms. 
of autoclaved yeast per mouse to furnish the heat-stable factor only. 
The third group received daily an addition of an alcoholic extract of rice 
polishings (tiki-tiki) to furnish the heat-labile factor only. The fourth 
group received daily per mouse 200 mgms. of autoclaved yeast plus two 
drops, equivalent to two grams of rice polishings, of the undiluted tiki- 
tiki extract. 

The casein was purified according to the directions of Sherman and 
MacArthur (10) using 60 per cent by weight of alcohol for extraction. This 
may not have removed the last traces of vitamins B and G from the casein, 
but it furnished a product of well-defined purity. The cornstarch was also 
washed with water and extracted with 60 per cent alcohol by weight. 
The autoclaved yeast preparation was made from the dried yeast by heat- 
ing in shallow pyrex dishes at 15 pounds gauge pressure for four hours. 

' The commercial brand “Crisco*^ was used. 

* Jour. Bud. Chem. xxxvn, 572, (1919). 

* The product from the Northwestern Yeast Co. was used. 
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Treatment somewhat similar is known to destroy all of the heat-labile 
factor, vitamin B, but to leave a considerable portion of the heat-stable 
factor, vitamin G, unaltered. The vitamin B preparation was made from 
rice polishings* according to the method of Wells (11) for preparing the so- 
called tiki-tiki extract, using 25 per cent alcohol by weight for the extract- 
ion. Fromtwokilosof rice polishings a little over 100 cc. of the sirup were 
obtained. Evans and Burr (12) have shown that this material is a very 
potent source of vitamin B but contains very little or none of the G factor. 

Our own tests confirm this statement. A group of rats, 21 days old, 
was placed on a purified diet devoid of vitamin B but containing ample 
vitamin G as supplied by 200 mgms. of autoclaved yeast daily. The 
materials used were the same as those employed in the mouse experi- 
ments. All of the rats declined in weight and three developed polyneuritic 
symptoms within four weeks. The food intake decreased during this time 
but in no case had each animal ceased eating its portion of autoclaved 
yeast and some of the basal diet when tested in the assay of the tiki-tiki 
extract. Graded doses of the tiki-tiki extract were given; for this purpose 
the extract was diluted with 1.5 parts of water so that one drop of the 
resulting preparation was equivalent to .02 cc. of the original sirup or to 
.4 grams of the rice polishings. The gain in weight resulting when varying 
amounts of this source of vitamin B were fed is shown in Table I. Even one 
drop of the diluted material stopped the decline in weight of vitamin B- 


Table I 


Tiki-tiki extract fed daily in terms of 

Average gain per rat 
in ten days 
grams 

Diluted, drops 

Undiluted, cc. 

Rice polishings, grams 

1 

.02 

0.4 

8 

2 

.04 

0.8 

12 

4 

.08 

1.6 

39 

8 

.16 

3.2 
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deficient rats and resulted in a slight improvement in a ten-day period. 
Four drops or .08 cc. gave good growth and eight drops or .16 cc., very 
good growth. One rat without any autoclaved yeast or other known 
source of vitamin G showed but slight retardation of loss of weight even 
when .20 cc. of tiki-tiki extract was fed daily. From these results we may 
conclude that the tiki-tiki extract used was a potent source of the B factor 
and contained very little of the G factor, and the rat required at least 
.08 cc. of this material daily. 

* This matciisl was secured from the Louisiana Rice Co. of New Orleans. 
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Results 

The results of the mouse feeding experiments are given in the growth 
curves in charts 1 and 2. With autoclaved yeast alone, all of the animals 
showed a slight initial gain in weight and then a gradual decline followed 
by death in 21 days. The mice that received two drops of tiki-tiki extract 



Chart 1. Growth curves of the animals receiving vitamilns B (F or Bi) and G(Bt or P— P) as 
supi^ied by autoclaved yeast and tiki-tiki extract, or as dried and untreated yeast. 
Growth curves of the animals receiving vitamin G only, as supplied by autoclaved 
yeast. 

daily in addition to the autoclaved yeast grew at rates comparable to 
the group that received untreated yeast. The growth in both cases may 
be considered normal. 

The behavior of the mice that received the tiki-tiki extract only is 
illustrated in Chart 2. Two drops of the sirup were fed for three weeks 
during which time the animals did not grow. The animals then showed a 
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tendency to grow slightly. The tiki-tiki extract was cut down progressively 
over a period of two weeks to three drops of diluted tiki-tiki, equivalent 
to .06 cc. of the original extract, every other day. This amount was just 
sufficient to enable the animals to maintain their weights. 

The question of how much of the tiki-tiki extract the mouse required 
for normal growth, with the diet otherwise adequate, was ascertained by 
feeding a second group of mice on the basal mouse diet plus daily additions 
of 200 mgms. of autoclaved yeast and two drops of cod liver oil. No 
trouble was experienced in getting the animals to eat the autoclaved 
yeast. Measurements of the food and water intakes showed that these 
mice ate diminishingly less food and water on the B-deficient diet, during 
a period of two weeks. At the end of this period none of the mice was 
eating more than 0.5 grams of food daily. They were then given supple- 
ments of graded doses of the tiki-tiki extract. All the animals regained 
their appetites at once and in three days the average daily food intake 
was S.Ograms per mouse. From the results on Chart 3 it may be concluded 
that .03 to .04 cc. was enough for good growth. Mouse 35 was in poor 
condition when given the tiki-tiki extract and did not respond as well as 
the others. Only one mouse, number 33, in this group showed symptoms 
of polyneuritis, and they disappeared promptly when the vitamin B was 
given. Throughout these experiments we endeavored to maintain the same 
conditions as held with the rat assay of tiki- tiki; the materials used in 
both diets were the same and the experiments ran concurrently. The 
amount of the tiki-tiki extract required for a growing mouse was only 
half, or less, as much as a growing rat required. It has been shown (8) 
that the mouse requires about the same amount of a vitamin B (B-l-G) 
preparation as a young rat, or four times as much per unit weight. Al- 
though further experiments must be made before any definite conclusions 
can be drawn about the amoimts of each factor needed for normal growth 
of rats and mice, these few experiments point out the desirability of ex- 
tending the present quantitative data to a consideration of both the heat- 
stable and heat-labile factors. 

The supplementary action of autoclaved yeast and the tiki-tiki extract is 
well illustrated by the growth curves of two mice on Chart 2. Mouse 11 
received the tiki-tiki extract only for 35 days, during which time it showed 
no appreciable loss or gain in weight. Then 200 mgms. of autoclaved 
yeast were added daily for one week. In this time the animal gained in 
weight and improved markedly in appearence. The tiki-tiki extract was 
now removed but the autoclaved yeast continued. The growth curve 
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showed a sharp drop. The animal lost weight rapidly; in 18 days from 
18.1 grams to 9.7 grams. Finally, when the tiki-tiki extract was sub- 
stituted for the autoclaved yeast the mouse improved somewhat and main- 
tained its weight. 

Mouse 6 received autoclaved yeast only for 21 days and at the end of 
this time it was very weak and felt cold. It did not exhibit any of the 



Chast 2. Growth curves of the animals on a vitamin G(B| or F— F)-deficient diet, but receiving 
vitamin B(F or B,) as supplied by tiki-tiki extract. The lower two curves are of animals 
that were fed some autoclaved yeast at the times marked on the graph. The arrows 
indicate also the time when skin disturbances were noticed on each animal. 


nervous manifestations that occasional animals show with a similar diet. 
Two drops of tiki-tiki extract were given by mouth. The animal was alive 
the next day and the oral administration of the vitamin B preparation was 
repeated. Thereafter one drop of diluted tiki-tiki extract, equivalent to 
.02 cc. of the original sirup, was given daily for 15 days. In tWs time the 
mouse increased in weight from 8.2 grams to 15.0 grams and improved 
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markedly in condition. Upon removal of the autoclaved yeast from the 
diet, growth ceased and the mouse just maintained its weight. 

It was observed that the mice receiving the diet deficient in vitamin G, 
although they did not grow, lived for a considerable time. These mice 
showed no loss in appetite and consumed their food and water up to the 
last two or three days of the experiment. This behavior is in agreement 





rwABT 3. Mouse assay of tiki-tiki extract. The mice received the basal mouse diet plus daily 
additions of 200 mgms. of autoclaved yeast, and at the point marked by the arrow in 
each received supplements of graded doses of the tiki-tiki extract as indicated. 

with the observations of numerous investigators upon rats. Whether the 
survival was due to the presence of a small residual amount of the heat- 
stable factor in the basal diet is difficult to determine. After 39 days on 
the diet one mouse exhibited signs of skin lesions over the nose. These 
were first attributed to the animals rubbing against the wire screen of 
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its cage. However, the skin over the medial surfaces of its hind legs soon 
became inflamed and other lesions were also observed. The other animals 
became similarly affected but not until after 70 days on this diet; as is 
indicated in Chart 2 all the animals on the vitamin G-defldent diet had 
the skin lesions. 

The skin manifestations were very sinoilar to those described by Gold- 
berger and Lillie (9) and Chick and Roscoe (13) with rats on a G-defi- 
dent diet. Early in the experiment the fur of these mice had an unkempt 
appearance but this was no more marked than the derangement of the 
fur usually seen with almost any deficient diet. Later, the fur became 
much matted, eveir though the animals were frequently observed to lick 
their fur assiduously. The skin beneath assumed a bluish cast; this was 
particularly noticeable on the abdomen. The first evidence of definite 
leisons appeared as a slight swelling and inflammation that involved 
definite areas, usually on the hind legs just over the ankle. In very nearly 
every case this dermatitis was bilaterally symmetrical. In two of the 
animals the skin over the surface of the nose was involved, and four had 
skin lesions under the lower jaw. About four days after the first appear- 
ance of inflammation the skin appeared moist from an exudation of serum 
and the fur began to slough away. A thick yellowish mass of dried serum 
remained. In the two animals having lesions on the nose, the incrusted 
mass extended back as far as the eyes, and in one animal involved the 
eyelids so that these adhered together. Lesions were found on every one 
of the animals on a G-deficient diet, the most frequent loci being the 
medial surfaces of both fore and hind legs. Small lesions were sometimes 
found on the ears, or along the tail, and on the paws. In no case was any 
healing of the affected regions observed, possibly because the animals 
did not live very long after the skin disturbances made their initial appear- 
ance. 

Figure 4 shows the characteristic position assumed by the mice after 
several weeks on the G-deficient diet. Their hind legs spread wide apart, 
they squatted with their fore-paws clenched up under them. Frequently 
the tail was bent back over the body. The exaggerated humped-back 
and the general appearance of the animals is well illustrated. In no case 
were any nervous symptoms observed in this group of animals. 

When these animals died, immediate autopsy was made, and portions 
of the skin that showed the lesions were fixed in Zenker’s solution and 
examined histologically. In general the sections from the skin showed the 
pathology of the later stages detailed by Findlay (14). The epidermis 
was sloughed away in many places and the exposed derma frequently 
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showed small ulcerations and infiltrations of polymorphonuclear leuco- 
cytes. Although a microscopic study was not made we were not able to 
observe any congestion or ulceration about the tongue or buccal cavity. 
The stomach of one animal contained a large hair ball. The intestines 
of two animals were filled with blood, and the bone marrow of all appeared 
hemorrhagic. It is interesting t(» note that the skin lesions on two animals, 
6 and 11, developed within a comparatively short time after removal of 



1m(. 4 Mous(‘ 4, shortly aftt*r (hill li iis tlu* It Milt <>1 a \ itamiii (i tUlit iciit diet, in a position 
that is ( harat'teristu ot that assumetl by the animals attei s(‘\ei;il weeks on the diet. Vote the 
appearanct' of t h(^ fur, t lu‘ arched back, and the deimatilis on t he niedhd iispet t ol the right hind 
leg. Lesions are also presimt on the cones|H»nding smfateol thclelt hind leg, and on the ventral 
surfateofthe skin over the net k. 


autoclaved yeast from the diet. I’his fact may be evidence in favor of 
the opinion of Sherman and Saiidels (15) that the skin lesions develop 
only when there is some of the heat-stable factor in the diet, complete 
absence of the (1 factor i)robably resultinj< in early death. 

The uniformity of behavior of the individual animals on each diet 
and the general agreement with the results of rat exi)eriments suggests, 
the further use of mice for investigations of this character. 
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Conclusions 

I hr mousi' rcquirt'.s both the hoal-slable vitamin (i (Ba or P-P) and 
the hcat-labilf vitamin B (K or Bd in its diet for normal growth and 
nutrition. In the ab.sence of vitamin B death occurs in about three weeks. 
In the ab.sence of vitamin C growth does not proceed, but the mice may 
live for a considerable length of time. 'I'his survival may be due to the 
presence of small amounts of vitamin (J in the vitamin B preparation 
used or to minute residues in the purified basal rations. Skin lesions, 
similar to those produced in the rat aiul termed ])ellagra-like, have been 
produced in mice on a diet devoid of vitamin (1. The mouse required 
about half as much of the heat-labile vitamin B as the rat. 
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T ie line test of McCollum and coworkers, and the methods making 
use of the chemical analysis of the bone, have been widely used 
and accepted in the quantitative tests for vitamin D. Recent literature 
has called attention to certain disadvantages and has suggested new 
procedures. 

One method by Jepchott and Bacharach (1928) makes use of the chang- 
ing hydrogen ion concentration of the feces, while the other by Poulsson 
(1928) recommends the use of the X-ray picture in following the rate 
of decalcification or recalcification. The principles upon which these 
methods are founded have been described in detail by their respective 
investigators, and a very complete bibliography covering the entire 
field has been presented in the recent article by Oser (1928). 

A careful study has been made of the application of these methods and 
certain changes in technique have been suggested. The purpose of this 
paper is to outline a rapid method of procedure not given in detail in the 
original articles. A detailed method for the use of the quinhydrone 
electrode in the pH determination has been developed. 

Experimental 

Albino rats from our own colony have been used as test animals. 
The colony ration for several years has consisted of a mixture of grains, 
supplemented with milk powder and minerals. The experimental animals 
were chosen from stock, 30 days of age, and weighing about 50 grams, 
divided into lots of four each and housed in a semi-darkened room. 
They were fed throughout the test period the Steenbock and Black 
No. 2965 (1925) rachitic ration. When a satisfactory rachitic condition 
had developed, supplements, diluted in inactive olive oil, were admin- 
istered to each animal separately from a pipette. 

As one of the methods uses the change of pH of the feces, considerable 
attention has been given to the most satisfactory manner of collection 
of the samples. Gathering from a pan or paper placed beneath a screen 


59 



60 


ESTIMATING VITAMIN D 


Yol. II, No. 1 


has proved unsatisfactory, due to changes taking place in the atmosphere 
or by contamination with urine. As a result of many trials, it is now 
thought to be advisable to secure the feces direct from the animal by 
gently massaging the lower colon and rectum. With a little practice 
it is possible to collect samples from a series of animals in a few minutes. 
Small samples of from .3 to .8 grams have been found satisfactory, an 
amount that can readily be taken at any time from four animals. This 
makes possible the collection of the sample and the determination of the 
hydrogen-ion concentration within a few minutes, thus eliminating the 
possibilities of error due to bacterial action. 

pH Tests 

For the determination of the hydrogen-ion concentration Biilmann’s 
(1921) quinhydrone electrode was employed, using as a reference half- 
cell .01 N HCl and .09N. KCl introduced by Viebel (1925). This makes 
a convenient and constant reference electrode. Bright platinum electrodes 
6 mm. square, fused in glass tubes, were used throughout the experiments. 
For electrode vessels 100 cc. graduated cylinders were cut at the 25 
cc. mark and fitted with glass stirring loops. This permitted the use 
of small samples. A standard Leeds and Northrop hydrogen ion potent- 
iometer was employed. 

The most satisfactory procedure for determining the pH of feces received 
consideration. It was found that dilution and time were factors in the 
results obtained. From a consideration of data accumulated it is now our 
custom to use .3 to .8 grams fresh feces macerated in 50 times its weight 
of distilled water, to which is added 0.2 grams of quinhydrone. The 
whole is thoroughly stirred for two minutes and the reading taken. 
This dilution and time are recommended from a consideration of the 
following facts. 

From an inspection of Figure 1, which represents the pH dilution 
diagram, it will be observed that very little change takes place in the 
pH from a dilution of 1 to 30 (1 part feces to 30 parts water) to 1 to 75, 
therefore a dilution of 1 to 50 would be satisfactory for this work, since 
no change takes place over a considerable portion of the curve on either 
side of this point. At these large dilutions a slight error, due either to 
variation of moisture content of sample, or to an inaccuracy in measure- 
ment of the water, would have no appreciable effect on the pH of the 
sample. 

A careful study was made in connection with the drift of potential 
with respect to time. These data are diagrammatically illustrated in 
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Fig. 1. — Dilution curve showing changes in due to varying 

concentrations of the fecal suspension. 


Fig. 2. It will be noted that above the pH 7.3 there was a tendency for 
the pH to fall, while at low values the tendency was to rise. If, however, 
the readings are made between 2 and 5 minutes after the addition of 
the quinhydrone, the error due to the slight drift will be negligible. 



different hydrogen-ion concentrations. 
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Skugram Studies 

In the application of Poulsson’s methods certain modifications have 
been adopted permitting greater speed of exposures and decreasing the 
cost. A Fisher X-ray outfit using 10 milliamperes through a four inch 
gap was employed. Exposures of the left hind knee joint were made at 
25 inches for a period of 5 seconds. One operator holds the rat in his 
left hand, the foot in his right. The animal is turned on its back and 
firmly held so that the left hind leg is stretched over an ordinary dental 
X-ray plate. The second person operates the X-ray machine. The plates 
are numbered to agree with the animal by the use of perforated lead 
plates. By this procedure an exposure each minute is easily possible. 



Fio. 3.— -Curve showing the increase in /»H of feces during the depletion period. 


The most satisfactory use of the hydrogen-ion method was found in 
predicting the most favorable time to take the pictures whenfitfwas 
desired to determine the relative amounts of vitamin D of different 
supplements. v 

Skiagrams secured by the above technique were foundfexceptionally 
satisfactory. The decalcified area which marked the proper time for the 
addition of the supplement to the basic ration was easily recognized/as 
noted by Poulsson. The recalcification of the metaphysis^marking^the 
complete healing was even more easily recognized. 

Figure 3 illustrates the t)rpical rise of the pE of a composite'^sample 
of feces during the depletion period. There is represented in_Figure^4 
the response of a number of cages of animals to^various^treatments 
following the above mentioned period. Group^l were'^controls^^and the 
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curve is merely an extension of that of Figure 3. txroups 2 and 3 received 
cod liver oil. the former an oil of very low potency, the latter a fresh, 
high grade, oil. Group 4 received an active oil conct‘ntrate. 'Fhe fall of 
the curves gives evidence for these conclusions. 



loe. 4. ( uf T -bowing the p\\ of fft es of four groups of animals. No. 1 was a i onlrol lot . Xos. 2, 
S, and 4 received supplements of varying j^otencies. 


Figure 5 >hows the skiagrams of the same lots of animals, d'he uj)per 
row of pictures portray the rachitic condition at the end of the depletion 
period and previous to the addition of the supplements. Fhe lower 
row of pictures represents the condition of the same animals at the end 
of test period. Nos. 1, 2, 3 and 4 are skiagrams of the same animals 
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(k-scribed as groups ], 2, 3 and 4 under the previous discu>sk)n oipH 
of the feces. 

The results are typical of over 60 cages of animals checked in parallel 
by the two methods. 

It is interesting to note that calcification does not take place at the 
end of the time when the pH curves begin to flatten for the first time, 



1‘ i(. 5 I'hf uppii row of skiii^hinis w.is ijikt-n at the end of 1 ht* depletion juTnMi, The luwei 
at the tntl t)l the te^t peiiod \o 1 is t») eoiitrols, 2, > and 4 reeiMved supplement of varying 
poleneies 


but follow it about 2 or 3 liays, the change iji pH being associated with 
the conditions that produce healing rather than the conditions resulting 
from the healing. 


CoNcnnsioNs 

I’he pH of the feces increases as the animal bodies becoira- depleted 
of the vitamin and again drops after vitamin I) supplements are added, 
as indicated by Jephcolt. Unfortunately, the daily fluctuations are 
erratic and smooth curves are never obtained. During the course of this 
work two groups of investigators, Shohl and Bing (1928' and Oser 
(1928), have reported this fact and have drawn the conclusion ^hat the 
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method, therefore, has no practical application. In this conclusion we 
concur in that we do not feel justified in arriving at complete conclusions 
as to the relative potencies of two slightly varying supplements. We 
have found a use for the method, however, that has saved expense and 
time. In our sixty tests it has been found that if a curve be drawn through 
the mean of the points, the relative slope of the curve is usually comparable 
to the findings of the skiagrams. It must be emphasized, however, that 
this holds true only when the same basic ration is used and that the 
supplements must be of similar nature, such as cod liver oil or its concen- 
trates, and the method does not hold if supplements are added that 
change the basic ration materially. 

The method finds its usefulness in combination with the Poulsson 
method. When the pE curve ceases to rise and flattens out, one recognizes 
the proper time for the first X-ray exposures, and again, after the addition 
of the supplements the drop of the curve and finally the reflattening, 
indicate the time for the second exposures. Our practice is to wait two 
days after the break of the curve of the animal receiving the most 
potent supplement, and then take the pictures of the entire series to 
obtain the most comparable results. An examination of the curves in- 
dicates that the drop of the pH does not parallel the recalcification, 
but precedes it by three or four days. At least, during the period of great- 
est drop of pH, no evident changes are shown in the skiagrams. The 
combination of the two methods makes it possible to keep a daily record 
of changes of a large series of animals throughout the entire period with 
a comparatively small amount of labor and expense, and the results 
are more satisfactory than the conclusion based only upon a single exam- 
ination at the end of the period. 
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W HILE there are many experimental data indicating that milk 
fat has its origin in part at least in dietary fat, it is also recognized 
as a result of the experiments by Jordan and coworkers (1, 2) that with 
a low-fat diet carbohydrate can be utilized as a source of the fat in the 
milk. These experiments raised the question, which has been little studied 
and never satisfactorily answered, as to whether the substitution of car- 
bohydrate for fat as a source of milk fat has any influence on the quantity 
or quality of the secreted product. The present investigation was under- 
taken to study this question and to obtain data which might result in a 
better understanding of the physiology of fat metabolism during lactation. 

There are recorded in the literature a large number of experiments deal- 
ing with the influence of food fat upon the secretion of milk fat. Insofar as 
the influence on the quantity of secretion is concerned, the results as a 
whole are contradictory and inconclusive. A review of the earlier work 
is given by Basch (3) and by Porcher (4). Many of the experimental 
data reported with low-fat diets are inconclusive either because of the short 
duration of the experiment, or because of the presence of other variables 
such as differences in protein or energy intakes in the rations compared. 

In the studies with cows by Jordan and coworkers (1, 2) in which the 
ration was made low in fat by benzine extraction, it was demonstrated, by 
determining the amount of fat digested and the nitrogen balance, and by 
other data, that the fat secreted could not have come from fat in the food or 
depots or from protein, but must have been made in part at least from 
carbohydrate. These experiments have been cited by some reviewers 
as evidence that the fat content of the diet is of no importance for lactation. 
Such a conclusion is not justified by the data. In fact, in the first report 
the data show that the substitution of the extracted feed resulted in a lower 
yield of milk and fat. However, this result is inconclusive because in 
changing from the unextracted to the extracted ration the intake of 
digestible nutrients was lowered. The writers themselves did not draw 
any conclusions as to whether or not a low-fat diet is unfavorable to 
milk and fat secretion. The importance of their work lies in the dear 
demonstration that milk fat can be made from carbohydrate. 
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Morgen, Beger and Fingerling (5, 6, 7) have reported a very large 
number of studies with sheep and goats from which they conclude that 
while carbohydrate can be utilized to manufacture milk fat, fat itself 
is a more suitable material and that within certain limits the percentage 
of fat in the milk is influenced by its content in the feed. Specifically, 
it was found that rations containing approximately 1 gram of fat per 
kilo live weight resulted in a larger secretion of fat and, to a lesser degree, 
of milk, than rations containing 0.5 of a gram of fat per kilo live weight. 
Though fairly consistent the differences obtained were small in most 
cases. The significance of many of the data is questionable because the 
rations compared differed as regards their ingredients and also as regards 
the quality of their protein and other factors. Since the secretion of 
milk and fat by different animals, which were similar in weight, varied 
as much as 500 per cent, the use of live weight as a basis of fat intake also 
tends to obscure the significance of the results. 

In some additional studies by Fingerling (8) with goats, carried out 
similarly to those just described, the same conclusions are drawn. In 
these experiments the intakes of digestible protein and of starch value 
were kept constant, but again one feed was substituted for another 
in shifting the fat intake, and live weight was used as the basis for the 
latter. 

The data reported in the papers just reviewed resulted in the inaugura- 
tion of a cooperative investigation of the question with cows, carried out in 
ten agricultural institutions in Germany. This investigation has been re- 
ported by Kellner and co workers (9). The rations compared were equal in 
“starch value,” but one was richer in carbohydrate and the other richer in 
fat. The former contained approximately 0.5 of kilo of digestible fat per 
1000 kilos live weight and the latter approximately 1 kilo per 1000 kilos 
live weight. The higher fat level was provided by substituting rice meal 
for barley meal and starch, which were used as concentrates in the low-fat 
ration. The data obtained failed to show any higher yield of milk or fat as a 
result of the high-fat ration. An analysis of the rather variable data 
shows that even the low-fat rations contained nearly as much fat as was 
secreted in the milk. In fact some of them contained more. Thus, the ex- 
periments can not be considered a rigid test of the effect of a low-fat 
ration. 

Experimental Procedure 

Four cows were alternately fed a typical dairy ration conasting of 
alfalfa hay, beet pulp and a grain mixture, and the same ration from which 
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most of the fat had been removed by extracting the grain mixture with 
benzine, the extracted fat being replaced by an isodynamically equivalent 
amount of starch. During a period of 30 days two cows were fed the 
normal-fat ration and two were fed the low-fat ration. The rations were 
then interchanged for another period of 30 days, and then shifted back 
to the original basis for a final period of 24 days. This system of feeding 
is shown in the charts in which the results are presented. 

The rations used were chosen with the object of providing optimum 
nutrition, aside from the possible effect of the removal of the fat. The 
hay used was second-cutting alfalfa of excellent quality. The beet pulp 
was used as a succulent feed by soaking it for several hours prior to 
feeding. The grain mixture was made up according to the following 
formula: 

150 pounds cottonseed meal, 43% protein 
150 pounds linseed meal 
450 pounds hominy feed 
250 pounds wheat bran 

A sufficient amount of the above was mixed prior to the start of the 
experiment and divided into two portions. One portion was set aside as the 
normal grain mixture. The other was extracted by the benzine process,* 
and the fat removed, as shown by analysis before and after extraction, 
was replaced by an isodynamically equivalent amount of starch. 

The analyses of the various feeds are shown in Table I. The figures for 
digestible nutrients are calculated values based on the average coeffi- 
cients of digestibility published by Henry and Morrison (10). 


Table I 

Analyses of Feeds 


Feed 

Crude 

protein 

% 

Carbohydrates j 

Fat 

% 

Dig. crude 
protein 
% 

T.D.N. 

% 

Fiber 

% 

N.F.E. 

% 

Normal grain mixture. 

19.53 

7.34 

53.96 

5.78 

■n 

73.06 

Low-fat grain mixture . 

19.20 

7.07 

60.08 

0.66 


68.65 

Beet pulp 

9.24 

20.32 

59.12 

0.64 


70.77 

Alfalfa hay 

15.52 

28.37 

37.10 

2.25 

■H 

53.77 


The cows used were mature Holsteins, at least 2 months along in their 
lactation period at the beginning of the experiment. All were bred shortly 

‘ The extraction was carried out by Oil Processes, Inc., Harrison, New Jersey. 
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before the start of the experiment with the exception of one, number 4, 
which was bred 10 days thereafter. Their production for 30 days before 
going on experiment is shown in Chart 1. Their ration during this period 
had consisted of mixed hay of rather poor quality, corn silage and a 
20-per-cent-protein grain mixture. The ration for each cow was adequate 
for her weight and production, according to the Morrison standard. 




During the experiment the ration fed each cow was recalculated every 
6 days. It was based upon her production of milk and fat during the 
previous 6 days and upon her average body weight for 3 consecutive days 
during this period. The normal-fat grmn was fed at the rate of 1 pound 
for every 3 pounds of milk produced. Since the low-fat grain contained 
approximately 6 per cent less total digestible nutrients as shown in Table 
I, due to the substitution of starch for fat, it was fed at the rate of 1.06 
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pounds for every 3 pounds of milk. Each cow received approximately 
1 pound of hay and 0.6 pounds of beet pulp per 100 pounds liveweight, 
but the ratios were varied as necessary to provide each cow with total 
digestible nutrients in accordance with the Morrison standard and with 
digestible protein approximately 20 per cent in excess of this standard. 
In deciding to use alfalfa hay with the 20-per-cent grain mixture it was, 
of course, recognized that the plane of protein intake would be unneces- 
sarily high. There seemed to be no disadvantage in this and the use of 
the best roughage appeared distinctly advantageous from the standpoint 
of providing a ration optimum in all respects other than its fat content. 

The cows were milked at 5 am., 1 p.m., and 7 p.m. The grain and beet 
pulp were fed before each milking and the hay was fed at 9 a.m. and 
4 P.M. The bee<; pulp was soaked several hours and the grain was mixed 
with it just before feeding. Approximately 1.5 ounces of salt were fed 
to each cow daily. All feed was accurately weighed and any refused feed 
was accounted for. With the exception of one short period in the case of 
two of the cows, as will be mentioned in detail later, the rations were 
completely consumed. 

The milk was sampled at each milking, taking 1 cc. for each pound 
produced. These subsamples were composited over a period of 6 days, 
analyzed for fat by the Roese-Gottlieb method and the iodine number of 
the fat determined by the Hanus method. 

Blood samples were taken approximately every 10 days throughout 
the experiment. The samples were taken from the jugular vein, always 
at the same hour, 11 a.m. The blood was analyzed for fatty acids by the 
oxidation method of Bloor (11) and for cholesterol by Bloor’s colorimetric 
method (12). 

The cows were weighed on 3 consecutive days during each period of 
6 days and the average taken as the weight for the period. 

Results 

The daily milk yields were averaged for periods of 6 days and these 
average values are plotted in Chart 1. To show the previous production 
of the animals, their yields are plotted for 5 six-day periods prior to the 
start of the experiment. In studying this chart and succeeding ones it 
should be noted that each point is plotted in the middle of the six-day 
period for which it represents an average value. The change to the experi- 
mental rations was made abruptly. It is noted in the chart that the yields 
of cows 1 and 2 rose when the animals were changed to the normal-fat 
ration, and that when they were changed to the low-fat ration their 




72 


TBE INFLUENCE OF LOW-FAT DIET Vol. II, No. 1 


yields dropped sharply and continued to drop throughout this period. 
When the cows were put back on the normal fat ration, it is seen that 
their yields started up again and continued to rise until the end of the 
experiment. The curves for cows, 3 and 4 show that these animals re- 
sponded to the changes in the fat content of the ration in an entirely simi- 
lar way. When changed from the herd ration to the low-fat ration their 
yields dropped sharply, rose nearly to their original levels on the normal 
and dropped again sharply during the final low-fat period. The fourth 
value plotted for cow 4 during the first low-fat period is abnormally low 
because during a portion of the 6 days represented by this value the ani- 
mal was suffering from a sore on her jaw and thus failed to eat aU her food. 
The disappearance of the trouble is reflected in the higher yield shown 
for the final 6 days of the period. Similarly the sharp dip and subsequent 
rise in the curve for cow 3, at the end of the final low-fat period, was caused 
by the animal’s going off-feed. During the third period of 6 days this 
animal consumed only about half her ration and thus her yield fell off 
markedly. In the succeeding period she ate her entire ration and thus 
her yield came back. Aside from these two irregularities in the curves 
for cows 3 and 4, which are entirely explainable on the above basis, the 
curves are remarkably uniform in showing that the change in the fat con- 
tent of the ration had a marked effect upon the yield of milk. 

To make more certain regarding this conclusion, it is desirable to know 
whether the intakes of total digestible nutrients during the different pe- 
riods were adequate and similar in accordance with production. The data 
in Table II furnish an answer to this question. The figures for the total 
digestible nutrients required by the Morrison standard were computed on 
the basis of the cow’s average weight and her yield of milk and fat during 
the period represented by each ration. The figures for the actual intake 
were obtained from the records of food consumption and the data as to 
percentage composition of each feed, using the average digestion coeffi- 
cients as published by Henry and Morrison (10) to compute the total 
digestible nutrients. These data for the theoretical requirements and for 
the actual intakes could have been computed for each six-day period, 
but this did not seem necessary for the purpose. For the data as a whole 
the correspondence between the required intake and the actual intake is 
remarkably close. 

Assuming the substantial accuracy of the feeding standard and the 
applicability of the average digestion coeffdents, it is clear that the drops 
in production which occurred on the low-fat ration and the increases that 
occurred on the normal were not due to dianges in total food intake and 
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they must have been due to the changes in the fat intake. The only low- 
fat period during which the actual intake was significantly less than the 
theoretical requirement, was the last one for cow 3. This was due to her 
failure to consume the ration allotted her during one period of 6 days, as 
previously explained. 


Table II 


Daily Intakes oe Total Digestible Nutkients Compaked to Requikement 
BY Moreison Standard, and DAaY Intakes of Digestible Fat. 


Cow 

Ration 

Total Digestible Nutrients 

Digestible 

Fat lbs. 

lbs. 

Requirement by 
Morrison Standard 
lbs. 

Actual intake 

lbs. 

1 

normal 

23.6 

23.4 

1.02 


low-fat 

22.4 

22.3 

0.23 


normal 

23.2 

23.3 

0.94 

2 

normal 

23.3 

23.2 

0.87 


low-fat 

22.4 

22.6 

0.24 


normal 

23.7 

24.0 

0.85 

3 

low-fat 

23.6 

23.9 

0.25 


normal 

24.9 

24.0 

0.87 


low-fat 

23.2 

! 

22.5 

0.24 

4 

low-fat 

20.0 

20.0 

0.21 


normal 

21.0 

20.9 

0.81 


low-fat 

20.4 

20.6 

0.22 


In drawing the conclusion that the production dropped as a result of 
the lower fat intake and despite an adequate intake of total food, the possi- 
bility is recognized that it may have been due to the removal of some 
other dietary essential besides fat. This possibility seems remote. While 
some fat-soluble vitamins were doubtless removed, previous studies in- 
dicate that this would affect the content of the milk in these vitamins 
rather than the yield. It is also possible that the removal of the fat lowered 
the digestibility of the entire ration and that the intake of total digest- 
ible nutrients was actually inadequate, although shown to be adequate on 
the basis of the calculation using average coefficients. While this may 
deserve study by including digestibility determinations in a repetition of 
the experiment, the possibility that the digestibility was sufficiently lowered 
to cause the large drop in yield recorded seems remote. 
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Table II also contains the figures for the average daily intakes of digest- 
ible fat for the different periods. Average digestion coefficients were used 
in computing these values. It is seen that the intake of digestible fat was 
reduced by approximately 70 to 75 per cent when the low-fat ration was 
substituted for the normal. 

The curves in Chart 2 show that the change from one ration to another 
was without effect on the weights of the animals. 




Chart 2. Weights of cows. 

The data obtained by analyzing the six-day composite samples of milk 
for fat are shown in Chart 3. The data show a high degree of variability. 
It has long been recognized that fat is the most variable constituent of 
milk. Clearly there is no indication in Chart 3 to support the conclusion 
of Morgen and coworkers (5, 6, 7) and of Fingerling (8) that a low-fat 
ration lowers the percentage of milk fat. On the contrary, if the curves 
show anything at all, it is a tendency for the percentage to rise on the 
low-fat ration and to fall on the normal. However, any such tendency 
should not be considered a direct effect of the changes in the fat intake. 
Rather it may be considered a result of the changes in yield. There are 
many data showing that as the yield of milk fals, the percentage of fat 
tends to rise. Particularly this is noted toward the end of the lactation 
and at other times when the yield suddenly drops for any reason. The 
high value obtained for cow 3 in the next to the last six-day period is 
an illustration of this since, as is shown in Chart 1, this is the period during 
which her milk yield took a very sudden drop as a result of failure to eat. 
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Many of the conflicting data in the literature are due to the fidlure to 
recognize the normal variability in the fat content of milk and the fre- 
quent inverse relationship of this percentage to the yield. 



Qj 

5.4 

5.2 

5.0 



Chart 3. Percentage of fat in milk. 


The curves for the daily yield of fat are shown in Chart 4. Although 
these curves are irregular, as is to be expected in view of the variability of 
the percentage of fat, it is apparent that the yield of fat tended to be 
lower on the low-fat ration. It is clear from the data presented in charts 
1 and 3, however, that this lower fat yield is due to a lower yield of milk 
as a whole, and not to a lower percentage of fat. While at first thought 
this may seem difficult to understand, it should be remembered that, 
though the fat percentage may vary within certain limits under the influ- 
ence of a variety of factors, the mammary gland tends to secrete a prod- 
uct of constant composition. On this basis a lack of suitable raw material 
for the manufacture of a given nutrient will tend to reduce the secretion 
as a whole. 

A comparison of the data in Table 2 for the intake of digestible fat with 
the data presented in Chart 4 shows that the normal fat ration contained 
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approximately 60 per cent as much digestible fat as was secreted in the 
milk, whereas the low-fat ration contained only about 18 per cent as much. 
It is a question worthy of study whether or not the milk secretion would 
be increased beyond that obtained on the normal ration by increasing 
its fat content so that the animal would receive as much fat in her feed as 
is required for the milk secreted. 

The curves for the lipids in the blood plasma are shown in Chart 5. 
The curves for both the fatty acids and cholesterol show that when cows 
1 and 2 were changed to the experimental ration of normal-fat content 
the lipids in the blood tended to remain unchanged, that they dropped 



Chakt 4. Avenge daily yield of fat. 


sharply when the low-fat ration was substituted, and continued to drop 
until the normal ration was again fed. They then gradually rose to their 
previous normal values. The values for cows 3 and 4 are seen to drop 
during the low-fat period, rise during the normal, drop again during the 
second low-fat period, and return to normal when placed again on the 
herd ration. The latter contained somewhat more fat then the normal-fat 
experimental ration. 

It is noted that there is a close parallelism between the curves for fatty 
adds and cholesterol similar to that shown by Terroine (13) for dogs. There 
is also a striking parallelism between the trends of the curves in Chart 5 
and those for milk yield shown in Chart 1. It should be noted that the 
drop in blood lipids on the low-fat ration and the subsequent rise when the 
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ration higher in fat was substituted is not due solely to alimentary fat. 
The full influence of the latter should be shown at the first observation 
in the period in question, since this observation was not made until 7 or 
8 days after the change, whereas it is seen that the drop or rise continued 
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Cbasi 5. Fatty acids and cholesterol in blood plasms Fatty Acids Cholesterol. 




throughout the period. The significance of these changes in blood lipids 
will be further discussed later. 

In view of the fact that in the dog and other animals studied there is 
a marked rise in blood lipids following the ingestion of food containing 
fat, and the fact that constant values as well as a parallelism between 
fatty acids and cholesterol are found only in the post-absorptive state, 
the question naturally arises as to why the curves in Chart 5 are so uniform. 
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If the level of blood lipids in the cow is as greatly affected by food consump- 
tion as has been shown for the dog, then the results in Chart 5 would 
seem rather fortuitous and the significance that has been attached to 
them in the previous discussion would seem questionable. Since the nor- 
mal ration of the cow contains only a small percentage of fat compared 
to that of the dog, and since digestion and absorption in the ruminant 
is a fairly continuous process, particularly where food is given 5 times 
a day as was the case in the present experiment, it seems, on theoretical 
grounds, that the level of the blood lipids would be comparatively little 
affected by the feeding of a ration uniform in amount and composition. 
The writers have experimental evidence to substantiate this view. 

The senior writer, working with Professor Porcher, studied the lipids in 
the blood of milking cows by taking samples at various hours after feeding 
and also after milking. The maximum variation found was approximately 
20 per cent, the average variation was much less, and such variations as 
occurred could not be correlated with either feeding or milking (14). In 
Table III there arc presented some similar data obtained with cows 1 and 2 


Table III 

Lipids in Blood Plasma Before and After Feeding. Milligrams per 100 cc. 


Hour 

Cow 1 

Cow 2 

Fatty Acids 

Cholesterol 

Fatty Acids 

Cholesterol 

Sa.m 

398 

200 

226 

122 

7ajc 

380 

206 

223 

124 

11a.m 

39S 

220 

253 

116 


during the present experiment. At the time, these cows were receiving 
the normal ration. The first samples were taken at 5 a.m., 10 hours after 
the last feeding. The cows were then fed their grain mixture and two 
other blood samples were taken 2 and 6 hours later. The data show no 
rise in blood lipids following the intake of food and a m aximum 
variation of around IS per cent. 

The results of the determinations of the iodine number of the milk 
fat are shown in Chart 6. The values represent determinations on the 
six-day composite samples of milk. The data show clearly that the iodine 
numbers were lower with the low-fat ration, indicating a distinct change in 
the character of the fat secreted. It is well understood from the work of 
several investigators reviewed by Terrouie (15, p. 96) that the character 
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of the milk fat is influenced by the character of the food fat, that as the 
iodine number of the food fat increases, the iodine number of the secreted 
fat tends to rise. Engel (16) and Henriques and Hensen (17) have shown 
that inanition results in a rise in the iodine number of milk fat and 
Eckles and Palmer (18) have reported similar results for underfeeding. 



Chart 6. Iodine number of milk fat. 


These findings coupled with the observation by Engel (16) and by Eckles 
and Palmer (18) that deposit fat is less saturated than milk fat indicate 
that the iodine number of milk fat rises in inanition because the deposit 
fat is being drawn upon for its manufacture. In the present study, how- 
ever, the milk fat has a lower iodine number on the low-fat ration. It is 
understood from many experiments that when carbohydrate is substituted 
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for fat in a fattening ration, the iodine number of the deposit fat falls. 
It seems probable, therefore, that in the present experiment, where an 
adequate supply of energy was furnished, the animal when on the low-fat 
ration did not draw upon its reserves to any marked extent for a source 
of milk fat, but used instead the food carbohydrate for the purpose. 

One might expect that with a lowering of the food fat there would be a 
tendency to mobilize deposit fat. While this may have occurred to a cer- 
tain extent, it docs not seem that it was a large factor or that the decline 
in the blood fat was primarily due to this decreasing mobilization, in view 
of the rapid drop in the iodine number of the milk fat when the cows were 
changed to the low-fat ration. The cows were in rather thin condition. 
Perhaps if their bodies had contained a large amount of soft fat, such as 
is present at the beginning of lactation in a cow previously liberally fed, 
the results would have been different. 

The experiments of Foa (19) and Meigs (20) are in agreement that the 
blood precursor of milk fat is a lipid although they differ as to the lipid 
concerned. It is understood that in the secretory process a certain selec- 
tive action and a modiffcation of the blood fat occur in the mammary 
gland. It is also clear that this blood lipid may have its origin either in 
deposit fat or in food fat or in carbohydrate. On a ration rich in fat it seems 
probable that the food fat is the principal source. In the present experi- 
ment it seems likely that food carbohydrate was called upon to supply the 
fat not supplied by the food fat. The results suggest that the carbohydrate 
was not as suitable or useful a source as the food fat for meeting the require- 
ment of the mammary gland, with the result that two things happened; 
the lipids in the blood were gradually reduced, and the secretion of milk 
dropped due to a deficient supply of one of its precursors. As has been 
previously mentioned, the curves showing the drop in blood lipids and in 
milk fat tend to parallel each other. No conclusions can be drawn from the 
present experiment as to the most suitable plane of fat intake for maximiiTn 
milk secretion. The investigation is being continued with this question 
as one of the objects of study. 

The same rations as used in the experiment with cows were fed to goats 
for periods of approximately IS days and single determinations of the 
blood lipids and of the iodine number of the milk fat were made in the 
different periods. By themselves the data, shown in Table IV, are too 
meager to be of value, but it is significant that they show the same trend 
as the cow data and thus tend to confirm the conclusions drawn. They also 
indicate that goats may be suitable animals for a further study of this 
problem. 
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Table IV 

Lipids in Blood Plasma and Iodine Number op Milk Fat—Goats 


Goat 

Ration 

Mg. per 100 cc. 

Iodine no. of milk 
fat 

Fatty acids in 
blood 

Cholesterol in 
blood 

1 

normal 

169 

93 

26.0 


low fat 

145 

56 

20.5 


normal 

[183 

Jr - 

75 

28.0 

2 

normal 

193 

97 

30.0 


low fat 

171 

63 

25.0 


normal 

232 

82 

28.5 


Summary 

Experiments to determine the influence of food lipids upon the milk 
secreted, have been carried out employing the cow and goat as experi- 
mental animals. A ration from which most of the fat had been extracted 
produced a marked lowering in the volume of milk secreted without any 
significant alteration in its fat content. The fat secreted in the milk upon 
a low-fat ration, had a lower iodine number then that produced upon a 
normal ration. The decreasing milk secretion on the low-fat diet was 
accompanied by a gradual decrease in the blood lipids. 
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T he nutritive value of cereal foods has been extensively studied in 
the past, but since the publication of Woods and Snyder’s bulletin 
(1906) and Harcourt’s paper (1907) there has been no general sur- 
vey of the cereal breakfast foods in common use in comparison with one 
another and scarcely any study exists where the human subject has been 
used for comparison of these articles with other staple articles of diet. 
Meantime many new methods of study have been devised and new concep- 
tions of food values have been acquired. The modern conception of the bio- 
logical value of protein dates from 1909, and the entire, enormous litera- 
ture on the vitamins has accumulated since 1912. Many conclusions re- 
garding the vitamin values and protein values of cereal foods have been 
established by means of experiments on lower mammals; but there remains 
a considerable number of questions of nutritive value, both within and 
without these fields, which can be appropriately studied on the human 
subject. In the semi-scientific literature on foods and diets there are found 
not infrequently hints that the “super milling” and other processing, such 
as the sterilization with heat, steaming in preparation for rolling, crushing, 
toasting, crisping, and the like, to which our package breakfast foods are 
subjected, are really devitalizing in their effects and therefore destructive 
of important nutritive properties Is this a correct picture, or to what 
extent have the nutritive properties been affected by the modern milling 
and packing methods? 

The opportunity to make a comprehensive study of this class of foods, 
which apparently has become a fixed element in the dietary of the Ameri- 
can people, came in the form of a grant of money to this laboratory by 
one of the large producing companies a few years ago, the only stipulation 
on the part of the company being that their own product should be in- 
cluded in all phases of the study, and the stipulation on the part of the 
laboratory being that the results, insofar as they might be considered of 
genertd scientific interest, should be truthfully published. Aside from 
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this concern with the general question of the effects on the nutritive 
properties of this class of foods, the laboratory has had two other interests : 
(1) To determine what might be gained by newer methods of study, 
some of them originally devised for quite different purposes, and (2) to 
make a comparison of results obtained on the rat with results of the same 
kind of study on the human subject. The first of these interests related 
more particularly to the application of the Folin-Wu (1919) sodium tung- 
state method of precipitation of the proteins as an aid in the study of 
both protein and carbohydrate digestion in glassware, to the retention 
tube method of Rehfuss (1914), and Rehfuss, Hawk & Bergeim (1914) 
for studying gastric digestion, to the respiratory quotient as a measure of 
carbohydrate digestion and absorption, and to the dynamic action of a 
mixed carbohydrate and protein food in comparison with a nearly pure 
protein. 

With reference to the second interest, a feeling has prevailed in certaun 
quarters that nutrition studies have become rather too completely identi- 
fied with the rat. There are still many respects in which human nutrition 
might be supposed to differ from that of the rodent. At all events, we 
need reassurance from time to time that what has been established for 
the rat is really true of man, so far, at least, as might be expected. Is 
the biological value of protein the same for the rat as for man, and is the 
rate of digestion and absorption comparable in the two organisms so widely 
separated in the zoological scale? We have not hoped to give a final 
answer to these questions but at least to make a start toward certainty 
as to the evaluation of nutritional studies on the lower mammals. 

The entire program included studies of the following phases of nutri- 
tion. I. Digestion, both in vitro and in vivo. II. Absorption: (a) Of 
carbohydrate as indicated by the method of the R. Q. on the human 
subject and by the method of Rubner (1902) as adapted by Cori (1925) 
to the rat; (b) Absorption of protein as indicated by the method of nitro- 
gen elimination; (c) Total utilization, meaning difference between intake 
and output by the stools. III. The biological value of proteins, as com- 
pared with the proteins of milk; (a) on the human subject; (b) on the rat. 
IV. The vitamins and proteins necessary for growth in the rat, as supplied 
by typical cereal breakfast foods. V. The dynamic action of cereal foods 
as compared with meat. The results obtained in these various phases of 
the study, so far as they have yet been carried, will be published in a series 
of papers of which this is the first. 

The study presented herewith under the subtitle of “Composition and 
Heat Value” represents a part of the results of two summer’s work by 
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several assistants. The first part of the title is not very completely treated, 
only a sufficient number of analyses having been carried out to reassure 
ourselves of the nature of the particular products being studied. 

All of the cereals used in these studies on composition and digestibility 
were package goods. Comparatively little cereal breakfast food is now 
obtained in bulk by the American home. The advantage of protection 
against weevil by sterilization and hermetic sealing, now generally prac- 
tised, not to speak of the appreciation of crispness and freshness in some 
products, insured by the moisture-proof package, is sufficient to offset the 
economic gain, except in institutional nutrition, of buying by the barrel. 
Analyses were not available for some of these package goods. 

To avoid any appearance of discrimination as between the different 
cereal products included in the program, it has been considered best to 
use descriptive rather than trade names for the several cereals. What 
the science of nutrition seeks to make known are, first of all, the funda- 
mental principles of nutrition and the education of the public must take 
care of particular choices, in accordance with these principles. 

1. Composition 

Six different, well-known breakfast foods have been used in this series 
of studies. They were chosen largely because of their popularity. Two 
are made from oats, one from com, and three from the wheat grain. All 
of these were analyzed chemically and all but one were burned in a 
Kroecker bomb, the heat being measured with the Riche (1913) adiabatic 
bomb calorimeter. The first oat product is made from the whole grain, 
minus the hull, by precooking and crushing between rollers. The pre- 
cooking is carried out to a different extent in different products sold under 
the same general trade name. The one used here is steamed for a few 
seconds only at 60 pounds pressure to sterilize and soften the grain pre- 
liminary to rolling and will be known simply as “Rolled Oats” in contra- 
distinction from another product steamed longer, which will be called 
“Precooked Oats.” The corn product is made from the decorticated and 
degerminated corn, is treated with a small amount of cane sugar and salt 
and cooked under steam pressure. It is then dried, rolled, and toasted on 
hot rollers. It will be called“Toasted Com Endosperm.” The first wheat 
product mentioned in the table likewise is made from the decorticated 
and degerminated grain but has nothing added to it and is only sterilized 
by heat, not cooked, before packing. We understand from the manu- 
facturer that it represents that part of the wheat grain which would 
find its way into the so-called “patent white flour,” merely diverted 
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from the process before it reaches the final rollers. It will be called Wheat 
Endosperm.** The second wheat product mentioned in the paper pur- 
ports to be a whole grain product, but the analyses which we have ob- 
tained do not bear out this statement on the part of the manufacturer.^ 
Because our analyses do not indicate that this product is truly the whole 
grain, we have decided to call it ^‘Toasted Whole Wheat** using the ex- 
pression in quotes. The third wheat product is labeled on the package 
A Whole Wheat Cereal** but again our analyses indicate that the prod- 
uct does not contain the entire grain, because of the low fat content. 
This product however is not toasted, and therefore will be described 
simply as “Whole Wheat” using the expression again in quotes. From 
microscopic examination it is evident that both of these last named 
wheat products do contain a liberal amount of bran and the second con- 
tains a liberal amount of the wheat germ also.* 

From this statement of the mode of manufacture of each of the prod- 
ucts under examination, we are prepared for the differences in composi- 
tion presented by Table 1. The two oats preparations contain the highest 
percentage of protein and of fat, and correspondingly less carbohydrate 
(starch), because they consist of the whole grain. The Toasted Corn 
Endosperm, because it is dried by toasting and immediately packed in 
wax paper, contains, as one would expect, a very small amount of moisture 
as it reaches the consumer. It is correspondingly high in total solids, 
but because the corn is degerminated, and also because sugar and salt 
are added, it cpntains very low percentages of protein and fat. The 
Wheat Endosperm may be described as the whole grain less the germ 
and bran. Nothing having been added, the percentage composition is 
what nature intended for the endosperm. The “Toasted Whole Wheat** 
has a considerably lower moisture content than the non-toasted product 
just mentioned, as would be expected because of the effect of heat. Cur- 
iously enough, however, it has a lower percentage of protein and of fat 

* The statement of the manufacturer is as follows: ‘*Wc retain as nearly as possible, with care- 
ful chemical analyses, the exact proportions of the various parts of the wheat which constitute 
the wheat mix on the mill at the time. In other words, we retain the endosperm, the aleurone 
layer, the episperm, the testa, the endocarp, the epicarp, the epidermis and the germ, or heart. 
The chemical anal3r8is of the ground whole wheat product which we use is somewhat changed in 
our process, which is one of toasting with nothing added and nothing taken away.” 

* It is a curious custom amongst millers as well as amongst consumers that has sanctioned 
the term ”whole wheat” to indicate something considerably less than the whole wheat. To be 
sure of getting truly whole wheat the consumer must ask for “Graham” £k)ur. The Food Stand- 
ards Committee, appointed by the U. S. Dept, of Agriculture, has proposed recently some 
clarifying definitions of whole wheat flour, entire wheat flour and bolted Graham flour* Sitwilar 
clarifications should be applied to the cen^ breakfast foods. 
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than the wheat endosperm alone. The “Whole Wheat” product, because 
of careful packing, has a low moisture content and because it contains 
a considerable amount of germ and bran has a high protein content, but 
the low fat percentage indicates that some of the germ has been removed, 
for again the percentage is lower than that of the Wheat Endosperm. 
Some allowance must be made here for different varieties of wheat and 
wheat grown under different conditions. The recent paper by Greaves 
and Hirst (1929) has sharply called attention to the wide variations in 
mineral content of oats, barley, corn and wheat grain grown on different 
soils and with and without irrigation, in the State of Utah. Similar 
studies are very much needed with reference to the effect of soil and parti- 
cularly of fertilizers on the other nutritive properties of the cereal grains. 

Table I 

CoMPosmoN (Average Percentages) 


On Dry Basis 



Moisture 

Total 

Solids 

Ash 

Protein 

Nx6.25 

Fat 

(ether 

extr.) 

Carboh. 
(by diff.) 

Rolled Oats 

11.02 

88,98 

2.06 

17.63 

8.13 

72.18 

Precooked Oats 

7.36 

92.64 

1.84 

18.43 

6.14 

73.59 

Toasted Com Endosperm 

7.49 

92.51 

3.07* 

7.98 

1.82 

87. 13** 

Wheat Endosperm 

12.68 

87.32 

0.74 

13.52 

2.75 

82.99 

‘Toasted Whole Wheat*' 

7.06 

92.94 

1.35 

12.99 

1.89 

83.77 

“Whole Wheat" 

8.08 

91.92 

1.45 

16.49 

1.47 

80.59 


* Some NaCl added. 

** Some Sugar added. 

The table presents the average percentage composition of the six 
cereal breakfast foods used in the following studies on the dry basis so 
as to make them comparable in spite of their varying moisture contents 
found in the package. 

2. Heat Value 

How a food ranks as a source of energy can be determined approximately 
by burning it in pure oxygen and measuring the heat given off. With all 
protein foods an allowance must be made for that part of the protein 
molecule which is split off as ammonia and becomes converted to urea 
before its elimination from the body; in other words, for the fraction 
not oxidized. This correction alone, however, does not give the true 
physiological heat value, for a considerable fraction of the organic con- 
stituents may not be absorbed. This is true of the protein of cereals. 






88 


NUTRITIVE VALUE OF CEREAL FOODS Vol. 11, No. 1 


partiailarly if they are consumed as whole cereal. The only practicable 
way to obtain the heat value to the body of any article of food is to 
determine the percentage utilization (intake minus excretion by the feces) 
for each of the organic foodstuffs and then to calculate its utilization or 
metabolizable energy from the percentage composition, using the estab- 
lished heat values for the kind of protein, fat and carbohydrate ingested 
in that article, Atwater and his associates (1901, 1903) elaborated a 
method for this calculation, which is not sufficiently known, and may 
with propriety therefore be described here very briefly.* 

The percentage utilization is obtained from analysis of the feces for 
protein, fat and carbohydrate, the difference between these figures and 
those representing the composition of the food itself (both on dry basis) 
being expressed as percentages of the original components. Knowing 
these utilization coefficients, so-called, a utilization or metabolizable heat 
value per gram of protein, fat and carbohydrate is obtained by multi- 
pl)dng the average calorimetric heat value of the kind of protein, fat and 
carbohydrate ingested by the utilization coefficients, and in the case of 
protein making a further correction for the heat value of a gram of nitro- 
gen in the urine.* For example, the average bomb value of one gram of 
vegetable protein as found by the Atwater school is 5.8 Cal., for vegetable 
fat 9.4, and for carbohydrate 4.2 Cal. In the case of Rolled Oats, as deter- 
mined in the present studies (see paper IV of this series) the utilization 
coefficient is 84 per cent (Table II) for protein, 90 per cent* for fat, and 
96.6 per cent for carbohydrate. The utilization heat values therefore are 
3.82 Cal. for the protein, 8.46 Cal. for the fat and 4.06 Cal. for the carbohyd- 
rate in Rolled Oats (Table II). The amount of heat obtained by the 
body from one gram of Rolled Oats (dry) is then obtained by multiplying 
these heat values by the amount of protein, fat and carbohydrate in a 
gram of the cereal (See Table I) and adding them together. 

Comparison of the physiological heat values for the different cereal 
products with their calorimetric or combustion heat values is instructive. 
The latter were obtained by burning the cereals, after (hying to constant 
weight or as obtained from the package. The directly determined values 
are given in the table in italics; the calculated values on (hy or moist 
basis, from knowledge of the moisture content, are given in ordinary 

' For a fuller statement the reader is referred to the senior author’s review of the subject 
in Endocrinology and Metabolism, New York, 1922, Vol. HI, p. 551. 

* The factor for the heat value of a gram of nitrogen in the urine is 7.9 Cal. or for a gram of 
protein rq;>resented by this nitrogen (7.9-i-6.25) is 1.25 Cal. 

' Not determined in these studies but adopted from Atwater (loc. dt.) for cereal foods gen- 
tnOy. 
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Tabie n 

Heat Vaeix at Cebeal Foods by Bomb CAix>siifETEB Coupased with 
Physiological Heat Value 


! 

Cereal 

Food 

Heat of Combustion 

% 

Mois- 

ture 

1 

Physiological Heat Value Based on Percentage 
Utilization* & Composition (dry basis)** 

Coefificient 

of 

Utilization 

Calories per Gram 

Loss 

Dry Basis 
Cal. per gm. 

Moist Basis 
Cal. per gm. 

Com- 

ponent 

Cereal 

Food 

Cal. per 
gm. 

Per 

cent 

Rolled Oats 

4.761 

4.320 

9.27 

P. 84. 

3.82 

0.673 




4.807 

4.361 

9.27 

F. 90 

8.46 

0.688 




4.794 

4.371 

9.68 

C.H. 96.6 

4.06 

2.928 




Av. 4.787 

4.351 



Total 

4.289 

0.498 


Toasted 

4.155 

3.857 

7.16 

P. 84 

3.82 

0.305 



Com 

4.159 

3.861 

7.16 

F. 90 

8.46 

0.154 



Endo- 

4.218 

3.894 

8.34 

C.H. 97.1 

4.08 

3.555 



sperm 

4.186 

3.864 

8.34 







Av. 4.179 

3.869 



Total 

4.014 

0.165 

4.1t 

Wheat 

4.432 

3.966 

m 

P. 94 

4.28 

0.578 



Endo- 

4.394 

3.833 

HI 

F. 90 

8.46 

0.233 



sperm 

4.430 

3.970 

111.63 

C.H. 96.3 

4.04 

3.353 




Av. 4.414 

3.923 



Total 

4.164 

0.250 

5.6 

‘‘Whole 




P. 87.2 

3.97 

0.655 



Wheat“ 

4.440 

4.084 

8.08 

F. 90 

8.46 

0.124 




4.423 

4.065 

8.08 

C.H. 96. 

4.02 

3.240 




Av. 4.431 

4.074 



Total 

4.019 

0.412 

9.3 


* As detennined in these studies (see paper IV). •• See Table I. 
t This low value is due in part to the added sugar. 


type. Since the physiological value was calculated on the dry basis the 
comparison with crude or bomb heat value can be made only on this basis. 

For the Rolled Oats the loss in heat value from non absorption and 
non combustion (of protein) is 0.498 Cal. per gram or 10.4 per cent. For 
the Toasted Corn Endosperm the loss is 0.165 Cal. per gram or 4.1 percent; 
for Wheat Endosperm, 0.250 Cal. per gram or 5.6 per cent; and for “Whole 
Wheat”, 0.412 Cal. per gram or 9.3 per cent. The whole grains, or nearly 
whole grains, obviously lose more than the endosperm products on account 
of the low digestibility of the bran. 
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The calorimetric heat value of the Rolled Oats is highest because of 
its higher fat content, the “Whole Wheat” is next in order, but because 
its fat content is lower than that of the Wheat Endosperm, it ranks only 
a little higher than the latter. The Corn Endosperm is lowest of the four 
cereal products compared. Only one of the oats preparations was burned 
in the bomb, because it was assumed that the Precooked Oats would 
have the same heat value as the regular Rolled Oats. The chemical 
analyses given in Table I do not quite justify this assumption, although 
the difference is not great. The “Toasted Whole Wheat” was burned 
and was found to have almost identically the same heat value as the 
“Whole Wheat” not toasted. It is not included in Table II, because the 
data for calculation of the physiological heat values were not available. 

For actual value to the body on the basis of these studies the Rolled 
Oats ranks first, the “Wheat Endosperm” next, and the Toasted Corn 
Endosperm and “Whole Wheat” tie for third place. 

The nutritive value of the different preparations, however, may not 
follow exactly this order because of differences in rate of digestibility. 
The following paper deals with this factor. 

Summary 

Six different cereal breakfast foods, three from wheat, two from oats 
and one from com, all widely used in the United States, have been analyzed, 
all but one burned in the bomb calorimeter, and their physiological heat 
values compared with the combustion heat values in four, as a preliminary 
to a more detailed comparative study of nutritive values. 
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T hree different studies were made of the digestibility in glassware 
of the cereal breakfast foods whose analyses and heat values have 
been described in the preceding paper. In the first only three of the 
foods were used, namely, the Rolled Oats, the Toasted Corn Endosperm 
and the Wheat Endosperm. 

First Study 

The method adopted in this study has, so far as we are aware, not been 
employed hitherto. It consisted essentially in carrying the same materials 
through a digestion by salivary amylase, pepsin-HCl, trypsin and dia- 
stase, successively. 

Method L Mouth Insalivation and Successive Digestions on the Same Sample 
Fifty-gram samples of each cereal were weighed into beakers. The wheat and oats products 
were boiled in 400 and 300 cc. of water, respectively, containing a little salt. The com product, 
being already dextrinized by toasting, was not cooked. The cooked cereals were then transferred 
to weighed beakers and the cooking vessel washed out, the washings being added. Aliquot dupli- 
cate samples were next taken of all three cereals and set aside as controls. The rest of the cereal 
was taken into the mouth and chewed until ready for swallowing and then was expectorated into 
weighed beakers. The entire quantity thus prepared for salivary digestion was then divided 
by weighing by difference into 14 nearly equal portions, placed in as many smaller beakers, the 
volume of each being made up to 78-^80 cc. AH were incubated together for two hours at body 
temperature, after which two were heated to stop the action of ptyalin. To all the others HCl 
and pepsin were now added. Two of these were immediately heated to stop the action of pepsin 
and the balance incubated for two hours at body temperature, and so on. 

Table I exhibits the entire scheme of treatment. In the case of each enzyme there were two 
control vessels in which digestion was not allowed to proceed and two in which digestion con- 
tinued for two hours with stirring at half-hour intervals. The amount of digestion of starch by 
ptyalin, for example, then was determined by the difference in the amount of sugar formed in the 
filtrates of the digested as compared with the control lots. Sugar was determined by Benedict’s 
(1911) quantitative method and calculated as glucose. As a further check on this method the 
residual starch left on the filter paper after successive, washings to remove sugar was digested 
in 2.5 per cent HCl under reflux for two and a half hours and the sugar from this digestion de- 
termined in the same manner. The amount of sugar found in the filtrate after hydrolysis, ex- 
pressed as starch, should agree with the difference between the original starch and that found 
(as sugar) after digestion. 


91 



92 


NUTRITIVE VALUE OF CEREAL FOODS Vol. II, No. 1 


Table 1 

Partition or Each Cereal for Controls and for Digestion Successively 
BY Different Enzymes 


Samples. 

1 2 
Set aside 
before 
chewing as 
controls 


Remainder of each cereal chewed thoroughly, expectorated into weighed beakers, 
divided into 14 nearly equal portions (by weighing by difference) as follows: 


3 4 5 6 7 8 9 10 11 12 13 14 IS 16 

All digested in incubator 2 hrs. at 38“39°C. Shaken every half hour. 


12 3 4 

Boiled 3 and 4 sev- 
eral min. to stop 
ptyalin. Washed all 
3 times by decanta- 
tion, filtered, sugar 
determined in fil- 
trate; residue di^ 
gested with2.5%HCl 
and sugar from re- 
sidual starch deter- 
mined. 


5 6 7 8 9 10 11 12 13 14 15 16 

Added 10 cc N • HCl+5 cc pepsin solution. 


5 6 

Boiled 
at once 
to stop 
pepsin 


7 8 9 10 11 12 13 14 15 16 

Incubated 2 hrs. at 38--40°. Shaken every half hour. 


7 8 

Boiled 
after 2 


9 10 11 12 13 14 15 16 

Added 4 cc 2.5 N • NaOH to neutralize acid then 

10 cc trypsin-diastase solution in 0.1 N • NaOH 


hrs. 


incub. 


5 6 7 8 

Precip. with 2.5% 
trichloracetic, stood 
2 min., heated to 
boiling, filtered hot, 
washing residue 
hot water, N. detn. 
on filt. 


9 10 11 12 

Heated at once to stop 
trypsin & diastase. 


9 10 

11 12 

Controls 

Controls 

for 

for 

trypsin 

diastase 


9 10 11 12 


13 14 15 16 

Incub. 2 hrs. 38-40® 
then heated. 


13 14 

15 16 

Precip. 

Washed 

with tri- 

by de- 

chlorace- 

canta- 

tic 

tion. 


Same method for 
tryptic digestion as 
for peptic. 


13 14 15 16 

Same method for dias- 
tase as for salivary 
amylase. 


In following the proteolytic digestion by pepsin and trypsin, as will be noted in Table I, 
comparison was made between the samples heated at once after the addition of the enzymes and 
similar samples heated after digestion for two hours. The undigested protein was then pre- 
cipitated by means of trichloracetic acid, the mixture being heated to boiling after standing for 
two minutes and filtration immediately following while the mixture was still hot. The residues 
on the filter paper were washed with hot water several times, the filtrate cooled and made up 
to volume after which nitrogen was determined on an aliquot sample. 

This method, while especially satisfactory from the standpoint of econo- 
my of time and as a means of imitating the proper order of digestion in the 
alimentary tract, did not always give satisfactory comparisons. The reasons 
probably are amongst the following. 1. It is difficult to secure exactly 
equal salivation in cooked and uncooked cereals and of two different 
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cooked cereals of wholly different physical characteristics. 2. The division 
of the cooked and chewed cereal into equal portions by difference by 
weight is not very exact because of the difficulty of maintaining homo- 
geneity in the suspension during weighing operations. 3. Determination 
of starch digestion for assay of sugar in the filtrates containing a consider- 
able amount of protein was not wholly satisfactory. For these reasons 
the results of this first study will not be given in detail. We believe that 
with suitable precautions, and some slight modifications, the method 
can be made very serviceable. 

The results indicated that the Toasted Com Endosperm gave the 
largest percentage of digestion of starch in two hours, the Rolled Oats 
next, and the Wheat Endosperm third. Peptic digestion, however, was 
best in the wheat product, second in the oats, and third in the corn prod- 
uct. The already soluble carbohydrate in the toasted corn product was, 
of course, properly controlled and the same is true of the soluble pro- 
teins present in considerable amount in both the corn and the oats prod- 
ucts (Harcourt 1907). 

Second Study 

In the second study the difficulties encountered in the first were over- 
come to a large extent by weighing the individual samples separately 
and cooking them separately in individual double glass boilers, consisting 
of two beakers of the same shape. Saliva was collected from several 
different individuals, mixed, filtered, and added in equal amounts to the 
several samples. It was desired in this study also to observe the differ- 
ence due to different lengths of digestion and also the effects of cooking 
different lengths of time. Consequently the entire number of samples of 
a single cereal started simultaneously was increassed to twenty-four. The 
order of digestion and the general treatment of the product in each case 
was similar to the outline already exhibited in Table I, that is to say, 
peptic digestion followed salivary digestion, tryptic digestion followed 
peptic digestion, and digestion by pancreatic diastase occurred simultane- 
ously with the tryptic digestion. 

Method Z 

Samples 1 to 6 were distributed as follows; 1 and 2 for controls, 3 and 4 for salivary digestion 
one hour, 5 and 6 for salivary digestion two hours. Samples 7 to 12 likewise were distributed 
as follows: 7 and 8 served as controls, 9 and 10 peptic digestion for one hour, 11 and 12 peptic 
digestion for two hours. Samples 13 to 18 inclusive were distributed in similar manner for tryptic 
digestion. Samples 19 to 24 inclusive similarly for pancreatic diastase. 

Under favorable conditions, and with plenty of assistance, it is possible to put one cereal of 
a single cooking through the entire program of digestion in a single day, but as a rule it was 
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necessary to stop digestion by beating at some intermediate point as^ for ezamplCi Just before 
pancreatic digestion, and to leave it in this condition over night. 

It was found that the tendency of the cereals to fonn a crust after cooking was a serious 
obstacle to uniform admixture with the saliva unless the cereals were stirred thoroughly during 
the process of cooking. As in the first, so in this study, no attempt was made to stop the action 
of ptyaHn by heat in the samples which were to be continued under peptic digestion, but to 
depend upon the addition of hydrochloric acid for this purpose. 

For peptic digestion Merck’s powdered pepsin was used in 2 per cent solution. This was 
added to each of the beakers No. 7 to 24 in sufficient amount to make 0.17 grams of pepsin in the 
digestive mixture, following the addition of HCl to a concentration of one-tenth normal. Beakers 
7 and 8 received the enzyme and then were immediately heated to stop its action. Beakers 9 
and 10 were removed from the incubator at the end of one hour and were heated. Beakers 11 
and 12 were removed at the end of two hours and heated. Beakers 13 to 24 at the end of two 
hours received 10 per cent sodium hydroxide in sufficient amount to neutralize hydrochloric 
acid. 

Before addition of pancreatic enzymes, the samples were allowed to stand following neu- 
tralization for at least one-half hour to allow for change of reaction due to amphoteric properties 
of the cereal protein. The reaction was corrected, if necessary, to the neutral point after which 
sodium carbonate solution was added in sufficient amount to make the mixture, increased in 
volume, contain 0.3 per cent of the alkali. Fairchild Bros, and Foster’s Extractum pancreatis was 
used in 4 per cent solution and a sufficient amount added to each of the beakers 13 to 24 to make 
0.4 per cent of the dried extract. Beakers 13 and 14 were immediately heated to serve as controls 
for tr 3 ^tic digestion. Beakers 19 and 20 served as controls for diastase digestion. The entire 
twelve remaining beakers were then placed once more in the incubator and after one hour beakers 
15 and 16, 21 and 22, were removed and heated to above 80®. At the end of two hours the re- 
maining four beakers were heated likewise to above 80®. 

Separation of the soluble portions from the undigested residue after starch digestion was 
accomplished by centrifugation. The supernatant fluid was perfectly clear for the wheat prepara- 
tions and only slightly turbid for the oats preparations. In the pancreatic samples (19 to 24) 
cm the other hand, there was a thin milky suspension due to the small amount of fat set free by 
proteolytic digestion and not split by lipolytic digestion. This, however, did not interfere with 
the determinations either of sugar or nitrogen. 

Sugar was determined in the supernatant fluids by a modification of Bertrand’s (1906) 
method. The modification consisted of separating the copper oxide by centrifugation rather than 
by filtration through a Gooch crucible, washing the copper oxide once with distilled water and 
centrifugation again, after which the oxide was dissolv^ in the ferric sulfate-sulfuric acid solu- 
tion. This solution was titrated in the usual manner with permanganate. 

In this second study two wheat products and two oats products were 
used. The first wheat product was the one described in the first study 
under the name of Wheat Endosperm. The second was the “Whole 
Wheat” ground to about the same degree of fineness as the Wheat En- 
dosperm preparation. 

The second oats preparation was the same commercial brand as the 
one described in the first study under the name Rolled Oats but was pre- 
cooked. For this reason it will be described simply as Precooked Oats. 

The results of this method of study were again not wholly satisfactory, 
probabty because salivary amylase is not wholly inactivated by heating 
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to boiling temperature (Gramenitski, 1910; Biedermann, 1914-1916). 
Boiling had been used to arrest the action of ptyalin immediately after 
addition of saliva also at the end of one hour and of two hours. We were 
not aware of this surprising stability of ptyalin at the time this part of 
the work was done. The second cause of discrepancy probably consisted 
in the unequal separation of partially digested (that is, soluble) starch 
from residue by centrifugation. That a considerable amount of soluble 
starch was present in the supernatant fluid was demonstrated by hydroly- 
sis with hydrochloric acid. The two fractions, reducing sugar before 
hydrolysis and reducing sugar after hydrolysis, were determined separately. 

The determination of sugar by the Bertrand method of supernatant 
fluids was satisfactory in spite of the small amount of soluble protein 
present. This was confirmed by a precipitation of the proteins, where 
they occurred in sufiicient quantity, by means of 10 per cent sodium 
tungstate. Precipitation of proteins for determination of the proteolytic 
digestions was accomplished, as before, by precipitation with trichlor- 
acetic acid. The washing of the precipitate as in the first study did not 
always yield good duplicates. 

For the several reasons enumerated above, the results of this study 
will not be reported in detail. They indicated that Wheat Endosperm 
showed practically the same digestion of starch under salivary amylase 
at the end of one hour and of two hours as did the Precooked Oa s. The 
“Whole Wheat” preparation gave similar percentages at both intervals 
and the Rolled Oats preparation gave the least percentage of digested 
starch at both intervals. These results were reached by both methods 
mentioned under the first study; namely, first, direct determination of 
the total sugar in the supernatant fluid, after hydrolysis and centrif- 
ugation, calculated as starch, and second, hydrolysis of the residual 
starch and subtraction of the resulting sugar, calculated as starch, from the 
original starch content. Not quite the same order of results was obtained 
after cooking for one hour as for cooking for fifteen minutes. The results 
of the proteolytic digestions were a little irregular in that the amount 
of digestion obtained after one hour of cooking was less in several 
instances than after fifteen minutes of cooking. The results indicated, 
however, that the two wheat preparations were about on a par, one with 
the other, both under peptic and tryptic digestion. The two oats prep- 
arations also did not differ widely under peptic digestion but showed 
a surprisingly larger percentage of digestion under tr 3 psin after cooking 
for one hour in the Rolled, as compared with the Precooked Oats. 
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Third Study 

It was thought best to separate the digestion by different enzymes 
rather than to use the enzymes in succession on the same samples as in 
the two previous studies. Cumulative errors in the different stages of 
digestion would thereby be avoided. In this study also we were interested 
again in the effect of cooking time upon digestibility as well as in the 
progress of digestion at different intervals of time. Consequently to follow 
the effect of different enzymes in succession on the same sample would 
require too many samples at the start to be readily manageable. As 
will be sefen in the tables which follow, the partial digestion of starch all 
the way to reducing sugar, as compared with total starch made soluble, 
was studied. With the proteolytic enzymes the criterion of digestion was 
the amount of protein made filterable through a given filter paper 
without reference to whether this protein in solution was in the form of 
proteoses or final split products. 

The third wheat product, “Toasted Whole Wheat” was introduced in 
the third study. This, like the other cereals is a package product differing 
from the “Whole Wheat” apparently only in the fact that it was toasted 
before packing. The chemical analyses, however, show that it contains 
less protein and slightly more fat. These differences may well be due to 
the kind of wheat selected. 

A. Salivary Digestion 

The procedure for study of salivary digestion was as follows: The 
cereals were cooked in a single boiler for different lengths of time, cooled 
to body temperature, mixed with saliva, and then subjected to incubation 
up to a maximum of two hours. In the beginning, only 3 grams of each 
cereal were used, and at first 10 cc. of saliva. In all cases saliva was col- 
lected from only two individuals and these two salivas were mixed in 
equal proportion. After the preliminary experiments, a large quantity 
of saliva was collected over a period of several days from the same two 
subjects, mixed in equal proportion, preserved with chloroform, and placed 
in the ice box. Thereafter, until the very last experiments of the series, 
saliva was used from this stock supply, and was therefore uniform in 
diastatic enzyme and in other qualities. 

In the first two series of experiments in the third study the small beakers, 
which served as single boilers, after cooling to body temperature, were 
traced in a large incubator room for periods of 1 hour and 2 hours, 
after which the beakers were heated to boiling temperature to arrest the 
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ptyalin. The contents of the beakers were then washed out, diluted 
and filtered or centrifuged, and sugar determined on the filtrate or 
supernatant fluid. 

TabuII 

Avxxaoe Per cent Stascb Dioesixd Coi(puisi.y to Sugar by 


Digestion for — 5 min. 1 hr. 2 his. 


After cooking — — 

5 min. 

IS min. 

5 min. 

15 min. 

5 min. 

15 min. 

WhcRt Endo^tenn 

19.4 

22.7 

33.6 

32.0 

35.0 

34.4 

Pieoooked Oats 

38.7 

34.9 

47.6 

47.1 

52.4 

50.3 

"Wholewheat” 

23.2 

26.8 

37.4 

40.9 

41.0 

42.9 

"Toasted Wh. Wheat” 

30.1 

31.1 

49.1 

52.4 

51.9 

55.5 


Tables II and III illustrate these experiments. The results are averages 
of from two to four experiments with duplicate determinations for each. 
The sugar actually formed by action of the ptyalin of saliva is, of course, 
maltose and not dextrose, for, according to most authorities (Punnett, 
1915; Blake, 1916), a very little dextrose appears in the digestion even 
of soluble starch by animal or vegetable amylases. The advantage of 
expressing the results in terms of dextrose, however, is that it permits a 
direct comparison of the starch immediately transformed into sugar 
with that only partially transformed or changed far enough to pass throu^ 
^ter paper or escape precipitation by tungstate. 

Table ni 

Average Per cent Starch Digested ear Enough to Pass Through Futer Paper by 


Digestion for — S min. 1 hr. 2 hrs. 


After cooking 

5 min. 

15 min. 

5 min. 

15 min. 

5 min. 

15 min* 

Wheat Endoq>erm 

59.8 

70.7 

84.1 

82.6 

85.2 

87.6 

Precooked Oats 

76.8 

77.2 

82.1 

86.0 

83.9 

88.0 

"Wholewheat” 

69.6 

67.6 

87.5 

73.8 

90.6 

85.3 

"Toasted Wh. Wheat” 

62.5 

66.8 

88.4 

89.8 

90.2 

89.7 


Later it was learned that a smaller amount of saliva sufficed to give a 
sufficient amount of digestion in a short space of time for accurate meas- 
urement, and more accurate temperature control was secured by use of 
a'small incubator. 

P Referring now to the results of the comparison of different cereals in 
their behavior to different lengths of time of boiling, we see from the 
average figures in Table 11 that when the cereals were cooked 5 minutes 
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and 15 minutes, so far as the immediate formation of sugar is concerned, 
the Precooked Oats heads the list followed by the “ Toasted Whole Wheat” 
and “Whole Wheat” and Wheat Endosperm in that order. When, how- 
ever, the filtrate was hydrolyzed with hydrochloric acid, converting not 
only maltose but also soluble dextrins to dextrose and then analyzed, it 
was found (Table III) that all four cereals stand on practically the same 
footing. The surprising thing in this study is that from one half to nearly 
four-fifths of the digestion accomplished in 2 hours takes place in the 
first five minutes. We shall have more to say about the importance of 
this observation later. 

The figures for percentage of starch completely changed into sugar 
in 5 minutes of digestion, after 15 minutes cooking, as compared with 
5 minutes cooking, are raised a little for the Wheat Endosperm, the 
“Whole Wheat” and the “Toasted Whole Wheat,” but not for the 
Precooked Oats. When digestion goes on for as long as 1 hour or 2 hours 
there is no advantage in cooking 15 minutes over cooking 5 minutes for 
the Wheat Endosperm or the Precooked Oats, but there is some advantage 
for both “Whole Wheat” preparations. 

Methods 

In the course of the second study trial made of sodium tungstate as a means of precipita- 
tion of the soluble proteins in the supernatant fluids. In the third study it occurred to us to use 
sodium tungstate as a means of precipitation of both protein and non-digested starch. We were 
encouraged in the belief that this reagent would prove useful as a means of securing protein-free 
filtrates by the experience of Rumsey (1922) in his study of wheat flours. In the preliminary 
trials with this method we were led to suspect the stability of saliva to heat and on search of the 
literature discovered Biedermann’s paper, referred to above, confirming this observation. The 
well-known rapidity of the action of ptyalin also led us to make a further modification providing 
for the dumping of equal quantities of mixed saliva into the several beakers inside the incubator, 
simulUneously, so that digestion might be started at the same instant in the several preparations. 
The same mechanical device providing for the tilting of test tubes containing the saliva, served 
also for dumping equal quantities of the sodium tungstate into the several beakers simultaneously 
to stop salivary digestion. This simultaneous starting and stopping of digestion in one operation 
proved to be in importance second only to the use of sodium tungstate as a precipitant and both 
improvements together enabled us to secure perfectly satisfactory duplicate determinations in 
all of the cereals and under all conditions employed with the different enzymes. 

The use of sodium tungstate had to be adapted to the reaction and different physical con- 
ditions of the cereal breakfast foods and therefore suffered considerable modification from the 
conditions found most satisfactory by Rumsey. We found 15 per cent sodium tungstate ap- 
pn^riate but at times it was necessary to use alcohol in conjunction with the tungstate to secure 
a perfectly clear filtrate upon which satisfactory sugar or nitrogen determinations could be 
m^e. Ateo, it was found necessary to change the reactions considerably from that found most 
favorable by Rumsey. Indeed, each cereal required a different reaction* The use of this method, 
however, made it possible to employ Benedict’s quantitative method for sugar, which is consider- 
ably more rapid than the method of Bertrand and Just as accurate in water-clear filtrates with 
no interfering substances present. 
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Tables IV and V give the results of simultaneous experiments after 
cooking 30 minutes and 1 hour, respectively, where the four cereals were 
used in parallel lots. The digestion for 15 minutes and 1 hour, however, 
were run on separate days and really constitute separate and independent 
experiments. 

Table IV 

Avekage Fee cent Starch Transformed to Sugar bv 


Digestion for — — 
After cooking — — 

— 15 min. 

— 30 min. 1 hr. 

1 hr. 

30 min. 1 hr. 

Wheat Endosperm 

17.4 

25.9 

22.4 

29.8 

Precooked Oats 

38,6 

38.5 

44.0 

45.8 

“Whok Wheat” 

24.7 

38.7 

31.6 

42.0 

“Toasted Whole Wheat” 

44.1 

43.6 

47.5 

51.1 


By cooking 30 minutes, as may be seen in Table IV the digestibility 
of the starch in Wheat Endosperm is 17.4 per cent, in Precooked Oats 
it is 38.6 per cent, in “Whole Wheat” 24.7 per cent, and in “Toasted 
Whole Wheat” 44.1 per cent. All of these figures are for digestion only 
15 minutes. 

In the same summary table are presented, the results after cooking 
one hour. Digestibility in 15 minutes’ exposure to saliva is raised for 
Wheat Endosperm from 17.4 per cent after cooking 30 minutes to 25.9 
per cent after cooking one hour, a relative increase of 50 per cent. The 
digestibility of the oats product is scarcely improved. The same is true 
of the “Toasted Whole Wheat” but with the “Whole Wheat” digestibility 
is raised from 24.7 per cent after cooking 30 minutes to 38.7 per cent after 
cooking 1 hour, or again, a relative increase of 50 per cent. 

In Table IV are presented also the data for sugar formation after 1 
hour of digestion. It may be noticed that carrying digestion only 15 
minutes yields fully four-fifths of the quantity of sugar produced in 
one hour, whether cooking is for 30 minutes or one hour. In other words, 
the amount of sugar produced by ptyalin is not at all proportional to the 
time of exposure. Biedermann (1914-1916) has called attention to the 
almost “explosive” character of the action of saliva on starch paste. 
The action on the starch of cooked cereals is not exactly explosive, but 
may be described as very rapid. 

Much less ben^t of cooking 1 hour as compared with 30 minutes is 
seen when we lay side by side the results of digestion for one hour. The 
Wheat Endosperm gains 7.4 per cent, the Precooked Oats 1.8 per cent. 







100 


NUTRITtVE VALVE OF CEREAL FOODS Vol. 11, No. 1 


the “Whole Wheat" 10.4 per cent, and the “Toasted Whole Wheat” 
3.6 per cent. The two precooked foods gain less than the raw foods. 


Tabiz V 

Avekaos Fn cent Staece TEAimouiED r as Emocob to Escape 
Fseofitaiion wiib Tonostate 


Digestion for — — 
After cooking — — 

— 30 min. 

1 hr. 

Ihr. 

Wheat Endosperm 

77.2 

80.9 

Precooked Oats 

76.1 

80.5 

«Wholc Wheat” 

77.7 

84.3 

'Toasted Whole Wheat” 

85.4 

90.7 


On the other hand, the percentage of total starch transformed far 
enough to escape precipitation with sodium timgstate and existing as 
water-dear filtrate is raised to about the same extent by cooking one 
hour, as compared with cooking 30 minutes, for all four cereals (Table V). 
Precooking, therefore, affects only the digestion to sugar. 

We may summarize all the results on salivary digestion briefly in the 
following statements: After cooking 5 minutes the starch and dextrins 
of all of the cereal breakfast foods studied are transformed to maltose 
to the extent of 20 to 40 per cent after exposure to saliva at body tempera- 
tmre for only 5 minutes. They are digested far enough to be in perfect 
solution to the extent of 60 to 75 per cent by exposure for only 5 minutes. 
After cooking for only 5 minutes the starches and dextrins of all of the 
cereal breakfast foods studied are transformed to maltose by exposure 
to saliva for 1 hour to the extent of 35 to 50 per cent. They are digested 
far enough to pass through filter paper and form a perfect solution after 
the same length of digestion to the extent of 82 to 88 per cent. These 
figures are but little changed by exposure to saliva for 2 hours. In other 
words, the digestion of starches and dextrins in the cereal breakfast foods 
would be nearly complete at the end of 1 hour’s exposiure to saliva. 

Using 5 to 10 cc. of saliva to 3 grams of cereal represents very thorough 
insalivation, such as would take place in prolonged chewing of the cereal 
and digestion in the mouth. Saliva acts so rapidly that thorough masti- 
cation is of more importance than longer cooking (cf. Day, 1908). Boiling 
30 minutes instead of 15 minutes improved digestibility only 3 or 4 per 
cent in absolute terms. Relatively, however, this amounts to from 10 
to 30 per Cent. One reason for this is the tendency of the cereds to dump 
or gelatinize and stick together while actively boil^, as will be emphasized 
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more especially under the head of tryptic digestion. Boiling for one hour 
as compared with boiling for 30 minutes, improves complete digestibility 
for IS minutes’ exposure more than 50 per cent, in relative terms, for 
Wheat Endosperm and “Whole Wheat,” the two cereals which are not 
precooked, but not at all for the Precooked Oats and the “Toasted Whole 
Wheat” the two which are precooked. It improves partial digestibility; 
that is, the conversion of starches and dextrins to the point where they 
escape precipitation with tungstate to the extent of only 5 to 10 per cent 
relative, for any cereal. 

In general it is clear from this study on salivary digestion that cooking 
any of the cereals for 5 minutes gives a very good start to the utilization 
of the energy contained in cereal foods in the form of starch. Previous 
dextrinization facilitates this earlier transformation enormously. 

B. Peptic Digestion 

The general procedure for the study of the action of pepsin on the cereal breakfast foods was 
as follows: 5 grams of each cereal were weighed out, placed in a small beaker with 80 cubic 
centimeters of water and boiled over a hot plate for the requisite length of time, after which the 
cereal was cooled to body temperature, 20 cc. of N/10 HCl added, and the volume made up to 
100 cc. The beakers were then set in the incubator in such a position that eight cubic centimeters 
of pepsin solution could be dumped simultaneously into all. Incubation then proceeded for the 
proper length of time at the expiration of which digestion was stopped in all the beakers by 
dumping 25 cc. of 15 per cent sodium tungstate solution simultaneously from test tubes into 
all the beakers. After filtration, nitrogen determinations were made on the filtrates. 

A considerable amount of soluble nitrogen already exists in cereals, particularly cereals that 
have been cooked. Hence it was necessary to determine how much nitrogen could be obtained in 
filtrates from sodium tungstate precipitation of the cereals after cooking but without digestion. 
After deducting the soluble nitrogen present in the pepsin solution itself there remained, after 
boiling 15 minutes, 14.1 per cent soluble nitrogen in Wheat Endosperm, 12.3 per cent in Pre- 
cooked Oats, 14.3 per cent in the Whole Wheat’^ and 18.1 per cent in the “Toasted Whole 
Wheat. The results were the same after boiling 30 minutes and 1 hour except in the case of 
the Wheat Endosperm which showed an increase of soluble nitrogen after cooking for 1 hour. 
Deduction of these amounts expressed as percentages of the total nitrogen present in the cereals 
has been made in the following tables. 

A preliminary study of peptic digestion showed that very little addi- 
tional soluble nitrogen could be obtained after digestion for only 5 minutes, 
hence the smallest time used for digestion in this section is 15 minutes. 
Also, since digestion was found to be as small as 5 per cent in some of the 
determinations, after cooking 15 minutes, it was deemed unwise to attempt 
quantitative determinations after cooking for less than 15 minutes. 
In Table VI are presented the results of digestion for 15 minutes and 
2 hours, following 15 minutes, 30 minutes and 1 hour of cooking. The 
order of digestibility was practically the same in all of the individual 
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tests averaged (six for each cereal) namely; the Wheat Endosperm first; 
the “Whole Wheat” second, in all but one test; Precooked Oats third, 
in all but one; “Toasted Whole Wheat” fourth, in all but one. It is clear 
that the cereal preparation which contdns no bran and no germ of the 
grain and is not precooked in any way is the most digestible in pepsin- 
hydrochloric acid. This is uniform for all the different cooking times. 

Tabu: VI 

Per cent Protein Made Non-precipitabu: by Sodium Tungstate by 


Digestion for — 

After cooking — 

15 min. 

15 min. 30 min. 

15 min. 

2 hrs. 

30 min. 

1 hr. 

Wheat Endosperm 

13.3 

16.0 

22.9 

26.1 


Precooked Oats 

7.5 

8.2 

13.1 

13.7 

24.1 

“Whole Wheat” 

7.3 

10.1 

13.1 

13.7 

24.2 

“Toasted Whole Wheat 

7.2 

6.2 

13.6 

12.8 

19.0 


The increase in digestibility to 15 minutes exposure after 30 minutes, 
as compared with 15 minutes, cooking is from 1 to 3 per cent in terms of 
nitrogen or protein rendered soluble. In relative terms the increase is 
from 10 per cent in the case of the precooked oats to 20 or 25 per cent in 
the case of the whole wheat. In the case of the toasted wheat the average 
digestibility is actually less after cooking 30 minutes than after cooking 15. 

We have also in Table VI a direct comparison, after digestion for 
2 hours, for the effects of cooking 15 minutes, 30 minutes and 1 hour. 
The increase in digestibility for 30 minutes as compared with 15 minutes 
varies from 1.6 per cent absolute in the case of the “Whole Wheat” and 
the Precooked Oats to 3.2 per cent in the case of the Wheat Endosperm. 
These percentages again are in terms of protein rendered soluble. The 
relative increase varies from 5 or 6 per cent in the case of the “Whole 
Wheat” and Precooked Oats to nearly 15 per cent in the case of the Wheat 
Endosperm. Again we find that the Toasted Wheat is less digestible after 
30 minutes of cooking than after 15 minutes. The reason for this, as was 
noted under salivary digestion, is the tendency of this product to clump 
with longer cooking (see Tryptic Digestion, p. 104). Skin formation, 
which is so troublesome with the double boiler, does not take place in the 
active bubbling which prevails in a single boiler. Cooking for 1 hour 
increases the digestibility, as compared with cooking for 30 minutes, 
from 6 to 12 per cent in terms of proteins rendered soluble, or, in relative 
terms, from about 40 per cent in the case of the Wheat Endosperm to 
about 80 per cent in the case of the “Whole Wheat” and Precooked Oats. 
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The clumping, just noted, does not seem to interfere with the more pro- 
longed digestion so much as it does with the shorter digestion. We shall 
see that the results of clumping in tr 3 rptic digestion are somewhat differ- 
ent. The order of digestibility after cooking from 30 minutes to 1 hour 
is the same as already noted for cooking IS minutes. In fact, in 5 out 
of 6 tests, averaged in Table VI, the order of digestibility, after cooking 
1 hour, is. Wheat Endosperm first, “Whole Wheat” second. Precooked 
Oats third, and “Toasted Whole Wheat” fourth. 

The conclusions which may be safely inferred from the results of peptic 
digestion are as follows; Cooking for 30 minutes increases the digesti- 
bility over cooking 15 minutes in allof the cereals except the Toasted Wheat. 
The maximum relative increase which occurs in the case of the “Whole 
Wheat” is about 1/3; in the case of the Wheat Endosperm it is about 
1/4; and in the other cereals less. Cooking for 1 hour increases the digesti- 
bility over cooking 15 minutes and over cooking 30 minutes of all of the 
cereals. The maximum relative increase by cooking 1 hour as compared 
with 15 minutes is in the neighborhood of 80 per cent in the case of the 
“Whole Wheat” and in the neighborhood of 60 per cent in the case of 
the Wheat Endosperm. The maximum relative increase after cooking 
1 hour as compared with 30 minutes is in the neighborhood of 75 per 
cent for the “Whole Wheat” and about 45 per cent in the case of the 
Wheat Endosperm and the “Toasted Whole Wheat.” 

The proteins and other nitrogenous compounds of the cereal grains 
found in the bran and the germ are less digestible than the proteins found 
in the endosperm of the grain (Holmes, 1919) . This has often been observed 
in the case of breads made from whole grain and from highly milled grain 
(Snyder, 1901-1905; Rubner, 1883, 1916; Food (War) Committee of 
Great Britain, 1918). This is probably the reason why the Wheat Endo- 
sperm, being entirely free of bran and wheat germ, is the most digestible 
of the four cereals studied. It also probably accounts for the positions 
of the other cereals in the order of digestibility. Nothing need be said 
here about the relative biological values of the proteins contained in the 
germ and endosperm. 

C. Tryptic Digestion 

The same general method was followed for studying the effects of trypsin as for studying 
the effect of pepsin. Five grams of each cereal were weighed out, placed in a small beaker, and 
boiled with 80 cc. of water for the requisite length of time. After cooling, sodium carbonate was 
added so as to make the mixture contain 0.3 per cent of this salt. The beakers were then placed 
in the incubator and 8 cc. of a 3 per cent trypsin solution were dumped simultaneously from 
test tubes into all the beakers. Digestion then continued for the requisite lengths of time at body 




104 


NUTRITIVE VALUE OF CEREAL FOODS Vol. 11, No. 1 


temperature) at the expitation of which digestion was stopped by simultaneously dumping 
sodium tungstate from test tubes into the beakers. Adjustment of the reaction to a different 
end point for each cereal and addition of an equal volume of 95 per cent alcohol was found 
necessary to produce complete precipitation. Filtration and determination of the nitrogen found 
in the water-clear filtrate then followed. 

Partly for lack of time, and in order to concentrate attention upon the 
comparison between different times of cooking, and partly, also, because 
less error is involved in a longer period of digestion than in a short period, 
a two-hour period was selected uniformly for the different tests. Tests 
were made with four different times of cooking, namely, 5 minutes, 
IS minutes, 30 minutes, and 1 hour. For reasons which will be explained 
presently, additional tests, after cooking 1 hour under a reflux condenser, 
were made. The results of four experiments with duplicate determinations 
for each are summarized in Table VII. The general order of digesti- 
bility for these tests is as follows; the Wheat Endosperm first, the “Whole 
Wheat” second, the “Toasted Whole Wheat” third, and Precooked Oats 
fourth. There is just one exception to this order, namely, that with 
S minutes cooking the precooked oats stands ahead of the whole wheats. 

Tabu: VII 


Average Per cent Protein Digested by Trypsin in 2 hrs. apter 

Cooking — - 

- 5 min. 

* 

15 min. 

30 min. 

Ihr. 

1 hr. with 
condenser 

Wheat Endospenn 

61.4 

76.6 

81.5 

72.6 

66.3 

81.5 

Precooked Oats 

55.2 

55.9 

54.1 

59.4 

55.1 

60,6 

‘‘Whole Wheat” 

54.7 

61.5 

68.8 

67.1 

59.6 

69.4 

“Toasted Whole 







Wheat” 

52.2 

63.8 

68.7 

61.2 

59.2 

61.3 

Wheat Endosperm 







Toasted 

62.5 







* Digestion with diastase and trypsin together. 


It is noteworthy that after cooking 15 minutes digestibility is greater 
than after cooking 30 minutes in all except one cereal, namely, the Pre- 
cooked Oats. It is still more noteworthy that digestibility is reduced 
still further by cooking 1 hour as compared with cooking 15 minutes. 
This also applies to all of the cereals except the Precooked Oats. Digesti- 
bility, after cooking 15 minutes as compared with cooking 5 minutes, 
however, is greater in all of the cereals except the Precooked Oats. 

It was quite obvious from direct inspection of the beakers that the difll- 
culty after cooking the longer times in single boilers was the tendency 
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of the cereals to form lumps. The Precooked Oats, being of coarser grain, 
did not show this tendency so much as the other cereals. That this was 
the real cause is proved by the experience with the condenser. The cause 
of clumping is the too rapid evaporation of water when the single boiler 
is used and active boiling is kept up continuously. The simplest remedy is 
to provide an air condenser so that water driven ofi in the form of vapor 
will drip back into the cooking vessel as water. Small Erlenmeyer flasks 
were substituted for beakers, and into the neck of each flask was fitted 
a rubber stopper with an upright glass tube about 1/4 inch in diameter 
and about four feet in length. These tubes were clamped in position 
from a shelf directly above the hot plate on which the cooking was done. 
This arrangement permitted condensation of the vapors rapidly enough 
to prevent clumping of the cereals. 

The effect on digestibility is shown by comparison of the last column 
in Table VII with the next to last. The digestibility of all of the cereals 
is improved. In all except the “Toasted Whole Wheat” the digestibility is 
raised to the same level, or higher, as attained after cooking only 15 
minutes in the usual manner. 

Attention may be called to the last figure in the table, namely, the 
effect of toasting on digestibility with trypsin. Samples of the Wheat 
Endosperm product were toasted in a baking oven until a light brown 
color was obtained, very similar to that which prevails in the “Toasted 
Whole Wheat.” In contrast with the effects of toasting upon digesti- 
bility of starches and dextrins, we see that toasting does not affect digesti- 
bility of proteins; for the average figure, namely, 62.5 per cent obtained 
after toasting is substantially the same as obtained, 61 .4 per cent, before 
toasting. Attention may be called also to the extra vertical line of figures 
shown in Table VII under “ Cooking 5 minutes.” These figures represent 
averages of two determinations made upon the digestibility of protein 
under trypsin acting simultaneously with diastase. Correction has been 
made for the effects of tiypsin on the proteins of diastase itself. 

The evidence from these few determinations is that trypsin acting 
simultaneously with a starch-splitting enzyme produces its proteolytic 
effect more rapidly than when acting alone. We shall see in a moment 
that trsrpsin reciprocally favors the action of diastase. 

The conclusion under this section may be stated briefly as follows: 
Cooking for 15 minutes in a single boiler increases digestibility by trypsin 
over cooking 5 minutes in all cases except the Precooked Oats. The 
maximum relative increase in digestibility is in the neighborhood of 30 per 
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cent in the caseof the Wheat Endosperm. Cookinginasingleboilerforlonger 
than 15 minutes decreases digestibility because of the formation of lumps 
produced by too rapid evaporation of water. This may be prevented by 
using a simple air condenser, thus restoring digestibility to its maximum 
obtained by 15 minutes of simple boiling. There is no advantage, however, 
in digestibility obtained by cooking up to 1 hour, even with a condenser, 
over cooking 15 minutes. Simple toasting does not increase the digesti- 
bility of the Wheat Endosperm under the action of trypsin as it does 
under the action of saliva. Simultaneous action of diastase with trypsin 
facilitates the proteolytic action of the latter ferment probably because 
the proteins are set free by simultaneous digestion of starch more rapidly 
than otherwise. 

D. Action of Malt Diastase 

In order to study the isolated effect of diastase uncomplicated by the 
action of any other enzyme, the diastase of malt was selected mainly 
because it is available commercially in purer form than any other diastase. 
Its action is, in general, similar to that of pancreatic diastase, but pan- 
creatic diastase entirely free of trypsin is difficult to obtain. 

The main consideration in studying the effects of another starch- 
splitting enzyme, in addition to the ptyalin of saliva, is that normally, 
in the intestine, a diastatic enzyme (amylase of the pancreatic juice) 
is active simultaneously with trypsin. It was desirable to determine 
whether this simultaneous action of trypsin and diastase would produce 
more rapid formation of sugar, particularly after a brief period of cooking, 
than action of diastase alone. 

Only one complete set of experiments was carried through on this 
plan (Table VIII) but they are sufficient to prove quite conclusively, 
because the results are concordant, that the simultaneous action of the 
two enzymes is much more favorable than was obtained with diastase 


Table VIII 

Eepect oe Diastase on Stakch of S Grams Cereal After Cooking 5 min. 


Per cent starch digested Per cent starch rendered 

to sugar in 2 hrs. soluble in 2 hrs. 


Wheat Endospenn 
Precooked Oats 
“Whcdc Wheat” 
“Toasted Whole Wheat” 


Diastase Diastase 

alone with trypan 

24.8 41.5 

31.9 33.5 

28.3 41.2 

27.9 41.6 


Diastase Diastase 

alone with tiypsin 

89.4 89.4 

75.3 74.7 

84.6 84.2 

87.5 87.1 
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alone, or indeed with saliva alone. The largest effect shown in Table 
Vin is with the Wheat Endosperm, as would be expected from the fact, 
already demonstrated in previous sections, namely, that this cereal is 
the most digestible from the standpoint of its protein content. Rendering 
the proteins soluble by digestion obviously makes the starch more avail- 
able to the diastatic enzyme. 

The next largest effect occurs in the case of the “Toasted Whole Wheat,” 
which isnearlythe same as the effect with the“ Whole Wheat,” but the effect 
with Precooked Oats is very slight owing probably to its relatively slow 
digestibility under the action of trypsin. It should be noted that all of 
these tests were conducted on the cereals cooked only 5 minutes. 

There is practically no effect of the simultaneous action of the two 
enzymes as compared with diastase alone when we consider the total 
sugar obtainable from the filtrate after hydrolysis. In other words, it 
would appear that the favorable action of trypsin has to do with the 
immediate formation of sugar rather than the formation of soluble dextrins. 

Table VIII is already so brief that it need not be summarized further. 
The conclusion from this section of our study can be stated in very few 
words. Malt diastase transforms the starches and dextrins of the break- 
fast cereals into maltose very rapidly; much more rapidly, however, when 
trypsin is acting simultaneously with the diastase. Cooking 5 minutes 
is sufficient to insure digestion of the starch to the extent of 75 to 90 per 
cent in 2 hours. 

Discussion 

In her excellent study of the digestibility of different starches as 
affected by cooking, Day (1908) reviews the literature of starch chemistry 
and finds that three substances are present in raw starch grains, which 
are designated by her, according to the color they give with iodin, blue 
amylose, red amylose and rose amylose. Blue amylose constitutes 90 
per cent or more of the inside of the cereal starch grains; it takes up water 
at 60 to 80°C and forms the sticky, colloidal substance known as starch 
paste, in which form it is easily digested. Long boiling up to 3 hours 
does not make it more digestible. Red amylose makes up the outer layer 
of starch grains. It swells at temperatures necessary for paste formation 
and breaks on boiling. In either case it does not hinder digestion. Rose 
amylose constitutes about 10 per cent of the inner starch. It is found only 
in cereal starches. It digests more slowly than blue or red amylose, but 
is converted slowly to blue amylose by cooking and this fact alone accounts 
for the greater digestibility of cereal starches by long cooking. 
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But there is a fourth substance found in cooked starch, designated as 
a reverted amylodextrin, by Syniewski, which is more difficult of solution 
than any of the amyloses in natural starch. It is found especially in the 
skin of starch paste and renders this much less digestible. If skin is 
permitted to form in the cooking of cereals the slight advantage gained 
by longer, over shorter, cooking, is thereby defeated. 

These facts brought to light by Day doubtless acount for the results on the 
effects of cooking different lengths of time, as shown in this paper. Even 
the raw cereals, Wheat Endosperm and “Whole Wheat” whether digested 
for 5 minutes, 1 hour or 2 hours, did not show very much greater digest- 
ibility after boiling IS minutes than after boiling only five minutes 
(Table II). The precooked cereals showed even less improvement. 
In these short cooking times the rose amylose was not changed to blue 
amylose. Comparing 30 minutes boiling with 1 hour, the digestibility 
was improved (Table IV) by the longer boiling about SO per cent for the 
raw cereals, but not at all for the precooked. Skin formation was prevented 
in these experiments by stirring. The rose amylose must have been largely 
converted by 1 hour of active boiling and no reversion product was formed. 
Moreover, the cellulose cell walls in the raw cereals were broken down 
thereby liberating more starch to the action of the salivary amylase. 

Our results with the sodium tungstate precipitation, however, reveal 
the interesting fact that the preliminary digestion to soluble dextrins 
(not to sugar) is improved to about the same degree (only 3 to 7 per cent) 
in raw and precooked cereals by boiling one hour over boiling 30 minutes. 
Since Langworthy and Deuel (1920) have shown that raw corn and wheat 
starches are completely digested in the human alimentary tract, we agree 
with Day that thorough salivation of cereal starches is probably much 
more important than long cooking, so far as starch digestion is con- 
cerned. 

Only wheat and oats cereals not previously cooked to any extent have 
been compared in this series of experiments. The results indicate (second 
study p. 94) that the starch of Wheat Endosperm and of “Whole 
Wheat” both is more digestible than oats starch in the whole grain. 
This is in agreement with Woods and Snyder (1906) in their summary of 
many studies made at different experiment stations on digestibility of 
different cereals in the human alimentary tract. They find that the three 
cereals wheat, oats and com, stand in the order named as to digestibility. 
There is more reason then for precooking, steaming or toasting, com 
and oats than wheat. 
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When we consider the digestibility of protein in the cereal break- 
fast foods we find a different order of facts. The protdn of wheat en- 
dosperm is more digestible than the protein of whole oats whether pre- 
cooked or not. This applies to all different cooking times and periods 
of digestion tried. It is true of tryptic digestion as well as of peptic. 
The results also are in accord with all of the studies reported in the liter- 
ature on the digestibility of white (endosperm) flour breads as compared 
with *'whole wheat” or Graham breads. They indicate further that the 
low coefficient of digestibility of whole grain products is not due to greater 
elimination of metabolic nitrogen from the alimentary tract. 

The improvement in digestibility by longer cooking (up to 1 hour) 
is greater for the protein than for the starch of the cereal breakfast foods. 
This applies particularly to the whole grain products. The reason doubt- 
less lies in the destruction of cellulose walls especially of the bran. Clump- 
ing of the cereal which is so apt to occur in single boilers interferes greatly 
with this breakdown of the cells. 

This study has not been concerned with the digestibility of the small 
amount of fat in the cereal breakfast foods nor with the optimum con- 
ditions for activity of the various enzymes employed. Every effort was 
made to have the conditions the same in simultaneous tests with the 
different cereals. 

SXTMMARY AND CONCLUSIONS 

1. Six different cereal breakfast foods, all very widely used, have been 
compared as to their digestibility by salivary amylase, pepsin-HCl, 
trypsin and malt diastase. 

2. Three different methods of study have been used and are described. 

3. Only the results of the third method are given in detail. This 
method made use of sodium tungstate for precipitation of imdigested 
residues. Clear filtrates were obtained and consequently satisfactory 
duplicate determinations of the stage of digestion reached. A dumping 
mechanism was employed for starting and stopping the digestions si- 
multaneously for the different cereals. 

4. The effects of different cooking times were closely studied. 

5. The breakfast foods studied included three of the precooked variety 
and three previously uncooked. 

6. Precooking affects favorably only the digestion of starch. 

7. Cooking (boiling) improves the digestibility of the starch less than 
the digestibility of the protein. 
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8. Dumping of the cereal in open boiling retards digestion consider- 
ably and protein digestion more than starch digestion. 

9. The simultaneous action of a proteolytic enzyme (trypsin) and a 
diastase produces much more rapid digestion of starch and protein than 
the diastase or trypsin acting alone. 
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T here are many problems in the fields of physics, chemistry, 
biology, physiology, etc., which require the isolation of fjurly narrow 
spectral regions in order that the effects produced by radiation of various 
wave-lengths may be determined. Obviously, the most elegant solution 
of the problem is the use of some type of dispersing instrument such as 
a monochromatic illuminator which will deliver radiation of high spectral 
purity. In many cases, however, it is not feasible to employ this method 
because of the high cost of such equipment or because of the impossibil- 
ity of obtaining the required radiation intensity. For the isolation of 
relatively narrow spectral regions it is sometimes necessary, therefore, 
to use light filters made up of selectively absorbing materials. For this 
purpose there are many materials available, among which may be men- 
tioned solutions, glasses, dyed gelatin, etc. Obviously, the particular 
method and materials used will be governed largely by the requirements 
of the problem. 

The filters described in this paper were developed at the request of 
Dr. Ethel M. Luce Clausen who is investigating the action of radiation 
in biological experiments with the rat.* That the results might be based 
on an average of a large number of observations, and therefore be most 
reliable, this work involved the use of many of these animals. When 
many of these animals are to be subjected to radiation treatment, it 
is desirable that several be exposed at the same time. This necessitates 
the illumination of a relatively large area. Moreover it is desirable that 
the radiation intensity incident on the animals be relatively high so that 


* See following paper. 
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the period of treatment need not be unduly prolonged. Since the treat- 
ment of a given group of animals may extend over a period of several 
months, it is obviously desirable that the filters be as stable as possible 
to avoid the necessity of constantly rechecking and making new filters. 

The possibility of using a monochromatic illuminator for this purpose 
was consi^Jered but it appeared that the requirements of area to be illum- 
inated and radiation intensity desired could not be met without the con- 
struction of a very special instrument which would be almost prohib- 
itive from the standpoint of cost. A careful survey of the selectively ab- 
sorbing materials available was therefore made and the filters described 
in the following pages were constructed. 

In searching for suitable selectively absorbing materials, our attention 
naturally turned first to organic dyes because they are available in an 
almost endless variety and may be conveniently utilized in the form of 
dyed gelatin. The entire group of Wratten light filters was examined and 
the spectrophotometric absorption curves of a large number of dyes, other 
than those used in the manufacture of Wratten light filters, were studied. 
With the dyed gelatin already available it was found possible to isolate 
the red, green, and blue regions of the visible spectrum, excluding com- 
pletely the ultra-violet. All three of these dyed gelatin filters, however, 
transmit freely in the infra-red; and, in fact, no dyes having appreciable 
absorption in the infra-red region were found. 

The source of radiation used by Dr. Clausen in this work, an electric 
arc trimmed with white flame (therapeutic A) carbons, manufactured by 
the National Carbon Company, emits relatively large quantities of radi- 
ation in the infra-red region. In the study of radiation effects it is desir- 
able to work with narrow spectral regions in order to be sure that the ef- 
fects observed are actually attributable to some definite wave-length of 
radiation. It was necessary, therefore, to find some material for removing 
the infra-red radiation transmitted by the dyed gelatin filters used for 
the isolation of narrow bands in the visible region. It should be empha- 
sized that in all work of this kind the visual judgment of radiation purity 
is of little value. Since the eye is sensitive to wave-lengths only within 
the region between 400 and 700 m/u, the presence of radiations of shorter 
or longer wave-lengths is not detectable by visual observation and in 
many cases workers have been grossly deceived regarding the monochro- 
matic characteristics of the isolating filters as determined by visual ob- 
servation. Several inorganic compounds were found which, when used 
in an aqueous solution, absorbed the infra-red region fairly well. Of these, 
copper sulfate (CuSO«-SHjO) seemed most suitable from the standpoint 
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of stability, reproducibility, and availability. Aqueous solutions of 
copper sulfate of various concentrations were, therefore, used as an infra- 
red absorber, the concentration in any case of course being determined by 
the permissible absorption at other wave-lengths. 

Water absorbs strongly in the infra-red and may be used for absorbing 
radiation of wave-lengths greater than 1000 mju. 

At the time this work was initiated the long-wave radiation limit of 
antirachitic radiation was very vaguely defined, it being contended by 
some that all radiation of wave-length greater than 305 m/^ was entirely 
without antirachitic effect, and by others that wave-lengths as great as 
350 mju possessed a certain degree of potency. It, therefore, seemed desir- 
able to split the region between 380 and 480 m/i into several very narrow 
bands. Considerable effort was expended in this direction without 
complete success. The filters numbered 5, 6, 7, and 8 represent the best 
results. A copper sulfate solution in proper concentration absorbs com- 
pletely all wave-lengths less than 300 mju, while a solution of nickel sul- 
fate (NiS 04 -71120) transmits this wave-length freely but absorbs very 
strongly at 400 m/t. These two solutions, singly and in combination, are 
valuable, therefore, for controlling the absorption at various wave-lengths 
in the ultra-violet region (wave-lengths less than 400 ran). 

In constructing the ultra-violet filters two Corning glasses, G986A and 
G586, were found useful for absorbing the visible region. The former trans- 
mits freely at 300 ran, while the latter absorbs this wave-length but trans- 
mits freely between 310 and 410 m;i. Both of these glasses absorb in the 
infra-red region to a certain extent. G986A is particularly useful in this 
respect; it has a maximum transmission at approximately 700 ran, the 
absorption increasing rapidly for longer wave-lengths from this point. 
These two glasses are, therefore, very valuable in work of this kind. Com- 
ing glass G980 transmits freely all wave-lengths greater than 250 ran 
throughout the ultra-violet, visible, and infra-red. This glass was found 
very useful, therefore, in the construction of a tray to hold the liquid 
components of the filters for the isolation of the ultra-violet bands. 
When it is not necessary to transmit the ultra-violet, a satisfactory tray 
for holding the liquid components can be made by using ordinary white 
optical glass. This term “white optical glass’’ refers to a colorless, trans- 
parent, optical glass such as is used in the manufacture of lenses, prisms, 
etc. The various component materials used in the construction of the 
filters may be summarized as follows: 

Distilled water, H 2 O 

Aqueous solution of copper sulfate crystals, CuSOi, 5 H 2 O 
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Aqueoxis solution of nickel sulfate crystals, NiSOi, 7HjO 

Glass, Coming No. G986A 

Glass, Coming No. GS86 

Glass, Coming No. G980A 

Dyed gelatin, Wratten filter No. 88A 

Dyed gelatin, Wratten filter No. 25 

Dyed gelatin, Wratten filter No. 61 

Dyed gelatin, Wratten filter No. 49. 

The constraction of a suitable container to hold the necessary liquid 
components was given careful consideration. Past experience has shown 
that the use of a liquid component in light filters is usually very trouble- 
some since it is difficult to make a container which will not leak when used 
over long periods of time. The final solution in this case was found in 
the form of a shallow tray, the bottom of which is composed of six glass 
plates set into rectangular openings. Constructional details of this tray 
and drawings illustrating it have been given by Dr. Clausen.* The dimen- 
sions of the tray, 19 inches long by inches wide, were adjusted to 
conform to the irradiation equipment already available. The glass 
plates forming the bottom of this tray are inches by 4^^ inches and 
when mounted have a clear effective area of 5 inches by 4J^ inches. 
The total transmitting area of the tray is therefore approximately 120 
square inches. This tray sits on top of the irradiation housing, the source 
of radiation being placed immediately above, and the animals to be 
irradiated directly under, the tray in a light-tight enclosure. This tray 
therefore constitutes a means of inserting the glass elements required, 
the liquid component being held within the tray. Gelatin components 
are placed beneath the tray so that they are protected from the direct 
radiation from the source and are thus prevented from heating and in- 
jury by exposure to the hot particles which fall from the arc during 
operation. These gelatin filters are mounted in a wooden frame, also 
arranged in the form of six rectangular sections similar to a window sash. 
The openings in this frame correspond to the openings in the tray. This 
wooden frame, carrying the gelatin film, slides into a horizontal slot just 
under the tray and when in position completely closes the housing so 
that no stray light may enter. The glass plates are held in position by 
means of rectangular metal frames attached to the bottom of the tray 
with screws. In assembling the tray a pure unvulcanized rubber gasket 
is first placed in contact with the metal of the tray itself. The glass plate 
is then laid in position and a second gasket of pure unvxilcanized rubber is 

^ The Use oi Isolated Radiation in Experiments with the Rat. The Effect of In£ra<*red 
Radiation on the Growth of the Rachitic Rat TkisJcumali 1929, n, 125. 
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laid on the glass. The metal frame is then attached and the screws hold- 
ing it in position are drawn down gradually and uniformly on all sides. 
These holding screws are placed close together so that the pressure may 
be applied uniformly all around the glass plate. As pressure is applied, 
the gum rubber is compressed and forms a permanent, liquid-tight joint. 
During use this material becomes heated to a relatively high temperature 
and it appears that a certain amount of vxilcanization takes place, thus 
forming an excellent, liquid-tight joint. In all cases, except that of the 
filter used for isolating a band in the infra-red, some component, either 
liquid or glass, must be used to absorb the infra-red region. It is obvious 
that the filter will become rather warm because of the absorption of this 
long-wave radiation. As a matter of fact, the copper sulfate solution rises 
to a high temperature and evaporation takes place fairly rapidly. After 
a solution has been used for some time its volume may be appreciably 
reduced and hence its concentration increased. It is necessary, therefore, 
to add distilled water in order to maintain the desired concentration. 

When making the spectrophotometric measurements on the various 
selectively absorbing components in work of this kind, we find it necessary 
to include a rather great wave-length range. We know that the source 
is emitting to a certain extent radiations of all wave-lengths from two 
hundred to several thousand millimicrons. A 2-cm. layer of water is, 
however, included as one of the components of all filters. This material 
absorbs almost completely radiations of wave-length greater than 1200 
and hence it is necessary, for the purposes of this investigation, actually 
to make spectrophotometric measurements only in the region between 
200 and 1200 m/i. Since the visible region embraces only wave-lengths 
from 400 m/i to 700 mju, it is obvious that the required measurements 
cannot be made visually. It is necessary to use photographic methods 
for the ultra-violet and the shorter portion of the visible spectrum. By 
using plates especially sensitized to the infra-red, the photographic 
measurements can be extended to 900 mfi. For wave-lengths greater than 
this, radiometric methods must be employed. 

In this work four different spectrophotometers were used: 

(a) A quartz spectrograph, made by Adam Hilger, with the Hilger spec- 
trophotometric attachment. This covers the wave-length region from 
200 to 600 mu. 

(b) A spectrophotometer of the Hiifner type made also by Adam Hilger. 
This is a visual instrument covering the wave-length range from 400 to 
700 mu. 

(c) A photographic spectrophotometer covering the wave-length range 
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from 600 to 900 mu. This consists of a multiple prism instrument made 
by Hans Heele and used with photographic plates sensitized for the wave- 
length region mentioned. 

(d) An infra-red spectrophotometer, made by Adam Hilger, using a 
thermopile as sensitive element. This was used in the region of wave- 
lengths greater than 800 m^u. 

For the benefit of those who may not be intimately familiar with 
spectrophotometric methods it may be worth while to explain very 
briefly the principle upon which photometric measurements are made. 
In the first place some means must be employed for dispersing the radi- 
ation into its component parts, thus forming a spectrum in which the va- 
rious wave-lengths are isolated. This dispersed radiation is then separated 
into two equal parts by some type of beam-splitting device. The select- 
ively absorbing material is placed in the path of one of these beams. 
The two parts are then brought together and the intensity of the one 
which has passed through the absorbing material is measured in terms of 
the other. In this way the absorbing power of the filter in question is 
determined, wave-length by wave-length. 

The absorbing power of a material may be expressed in several ways. 
One of the most common is to state the percentage transmission, and if 
lo be used to indicate the intensity of the radiation incident upon the 
selectively absorbing material, and Ii the intensity transmitted thereby, 
then the transmission, T, is given by the expression 

T^hlh. 

For many purposes it is more convenient to express the transmitting or 
absorbing characteristics of a material in terms of density, D, where 
density is defined by the equation 

Z?=Iogio 1/r, 

The use of density, as a means of expressing this absorbing power of 
material, is particularly convenient because of its logarithmic form. 
If it is desired to determine the resultant density obtained by superposing 
one absorbing material on another it is necessary only to add the density 
values at any particular wave-length; if the absorbing power is expressed 
in transmissions, the two values of transmission must be multiplied to- 
gether. Moreover, density is directly proportional to concentration in 
the case of a solution, and also directly proportional to the thickness of 
the absorbing layer. All the data given in the following pages relating 
to these filters are given in terms of density. These values are plotted 
as ordinates against the wave-lengths as abscissae. 
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The compositions of the filters finally constructed for the isolation of 
the desired spectral regions are as follows: 

Filter No. 1 — Green 

Composition: Corning glass G980A 0.32 cm. 

Solution NiS 0 « 7 H 20 (50%) 2.0 cm. 

Wratten gelatin filter No. 40 

Absorption characteristics, spectrophotometric curve Fig. 1, Chart 1 . 

It will be noted that the composition of this filter is identical with that 
of No. 8 with the exception of the Wratten filter No. 40. This absorbs 
completely the ultra-violet radiation and transmits with little disturbance 
the green band of the No. 8 filter. As a matter of fact, the maximum 
transmission in the green is somewhat less, but the decrease is relatively 
small. 

Filter No. 2 — Red 

Composition: White optical glass 0.32 cm. 

Solution CUSO 4 , 5 H 2 O (5%) 2.0 cm. 

Wratten gelatin filter No. 25 

Absorption characteristics, spectrophotometric curve Fig. 2, Chart 1. 

This filter isolates the visible red. The cut on the short wave-length 
side of the transmission band is due to the Wratten filter No. 25, while 
the cut on the long wave-length side of the absorption band is due to the 
copper sulfate solution. It will be noted that there is a slight residual 
transmission with a maximum at 1080 m/x; the minimum density, however, 
is relatively high, being 2.35, which corresponds to a transmission of 
0.44 per cent. It is considered that this is so small as to be negligible. 
Filter No. 3 — Infra-red 

Composition: Corning glass G986A 0.32 cm. 

Water 2.0 cm. 

Wratten gelatin filter No. 88 A 

Absorption characteristics, spectrophotometric curve Fig. 3, Chart 1. 

This ^ter represents the best that we have been able to do in the 
isolation of a narrow band in the infra-red. The cut on the short wave- 
length side is due to the gelatin component, Wratten No. 88 A, while that 
on the long wave-length side is due to a combination of the absorption of 
Coming glass G986A and the 2-cm. layer of water. 

Filter No. 4 — Blue 

Composition: White optical glass 0.32 cm. 

Solution CuSO«, 5 H 2 O (5%) 2.0 cm. 

Wratten gelatin filter No. 49 
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Absorption characteristics, spectrophotometric curve Fig. 4, Chart 1. 

This filter isolates the blue region of the visible spectrum, including 
a little of the near ultra-violet. Again there is a slight residual transmis- 
sion in the infra-red which is considered negligible. 

Filter No. 5 — Ultra-violet 

Composition: Coming glass G986A 0.32 cm. 

Solution NiS04, THaO (50%) 2.0 cm. 

Solution CuSOi, SH*0 (1%) 

Absorption characteristics, spectrophotometric curve Fig. 5, Chart 2. 

This filter isolates a band in the ultra-violet between the limits 270 
and 355 mu with a maximum transmission at 315 mju. This maximum 
transmission is, however, relatively low, being approximately 19 per 
cent. This filter, therefore, although very satisfactory from its position 
in the spectrum, cuts down the intensity of the radiation more than is 
desirable. The limit on the short wave-length side of the transmission 
band is due to the copper sulfate solution, while the limit on the long 
wave-length side is set by the nickel sulfate solution. The Corning glass 
G986A serves to absorb the visible radiation and also, when combined with 
the copper sulfate solution, completely eliminates the infra-red radiation. 
This filter, therefore, gives a relatively homogeneous band of radiation 
undiluted by residuals of any other wave-length. 

Filter No. 6 — Ultra-violet 

Composition: Corning glass G586 0.32 cm. 

Solution NiS04,7H*0 (20%) 2.0 cm. 

Solution CUSO4, 5H2O (5%) 

Absorption characteristics, spectrophotometric curve Fig. 6, Chart 2. 

This ^ter transmits a very narrow band having a maximum trans- 
mission at 340 myu. It is similar to filter No. 5 but with the transmission 
band moved slightly in the direction of longer wave-lengths. This displace- 
ment is obtained by increasing the concentration of copper sulfate solu- 
tion, thus absorbing all wave-lengths shorter than 315 m^t; and by decreas- 
ing the concentration of the nickel sulfate thus moving the cut, caused 
by this material, somewhat in the direction of the long wave-lengths. 
Although this filter is almost ideal from the standpoint of narrowness 
and the consequent purity of radiation, its high absorption is a serious 
disadvantage in that it unduly decreases the intensity factor of the trans- 
mitted radiation. Unless measures are taken to increase the intensity 
of radiation incident on the filter or to prolong the exposure time, it may 
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Spectrophotometiic absorption curves for filters Nos. 5, 6, 7, 8. 


Nov., 1929 


LOYD A. JONES 


121 


be difficult to detennine definitely whether any apparent impotency of 
the radiation transmitted by this filter is due to its wave-length character- 
istics or to the low value of the radiation intensity transmitted. 

Filter No. 7 — Ultra-violet 

Composition: Corning glass G586 0.32 cm. 

Solution CUSO 4 , SH 2 O (15.6%) 2.0 cm. 

Absorption characteristics, spectrophotometric curve Fig. 7, Chart 2. 

This filter transmits a rather broad band in the near ultra-violet. 
Its maximum transmission is high, being 70 per cent at 368 mju. It com- 
pletely absorbs radiations of wave-length less than 317 m/t. The cut on the 
short wave-length side of the band is determined by the copper sulfate 
component while that on the long wave-length side is determined by the 
Corning glass G586. Although the filter is very satisfactory from the 
standpoint of total transmission characteristics, the transmission band 
is somewhat broader than is desirable. 

Filter No 8 — Ultra-violet 

Composition: Coming glass G980A 0.32 cm. 

Solution NiS 04 , 7 H 2 O (50%) 2.0 cm. 

Absorption characteristics, spectrophotometric curve Fig. 8, Chart 2. 

This filter has a double transmission band, one having a maximum at 
304 mju in the ultra-violet and the other at 524 ra/u in the mid-green of the 
visible spectrum. The residual transmission band having its maximum 
at 830 m/t in the infra-red may be neglected since the maximum trans- 
mission in this region is only 12 per cent. It will be noted that the 
absorption of this filter is due entirely to the nickel sulfate solution, 
since the G980A glass is completely transparent between 200 and 1200 
mju. The characteristics of the transmission band in the ultraviolet are 
excellent for the purposes for which these filters were designed. The 
maximnm transmission, at 340 mju, is 40 per cent, while the limits 
extend from 240 m/* to 357 mju. Thus far no absorbing material has been 
found which will eliminate the transmission in the green without seriously 
interfering with the transmission in the ultra-violet. 

In some of the preliminary experiments Dr. Clausen found that very 
positive results were obtained by using filter No. 8. The question at once 
arose whether the effect was due entirely to the radiation in the ultra- 
violet, or was dependent to some extent upon that in the green. Filter 
No. 1, since it is practically identical with No. 8 in respect to its green 
transmission, was therefore used in later experiments to determine de- 
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finitely whether or not the presence of the green radiation transnutted 
by filter No. 8 along with the ultra-violet had any significance. 

In Table 1 are summarized the characteristics of the eight filters de- 
scribed in this paper. In the column “wave-length limits” are shown the 
wave-length values at which the transmission of the filter is equal to 0.1 
per cent (D»3.0). It is considered that any transmission less than 0.1 
per cent may be neglected and these wave-length values represent satis- 
factorily the “limits” of transmission. In the column “CG” are given the 
wave-length values which are estimated to represent the center of gravity 
of the transmission band. This in most cases is very nearly equivalent 
to the wave-length of the maximum transmission, but in case of asym- 
metrical transmission bands the two values may differ appreciably. In 
the last column of the table, “E,” are the values of total energy transmitted 
by the various filters. 


Tabix I 

SulOCABY or CaARACIEKISnCS OF Filtexs 


No. 

Color 

Tranj 

sion]^ 

mum 

unis- 

laxi- 

%tr. 

Wave- 

length 

Limits 

CG 

Residuals 

£ 

1 

Green 

522 

55 

443-590 

524 

805 to 903 max. at 830 
Tr.-1.2% 

0.042 

2 

Orange red 

630 

30 

S80-72S 

640 

910 to 1300 max. at 1080 
Tr.-0.44% 

.040 

3 

Infra-red 

770 

35 

720-1120 

860 


.122 

4 

Blue 

455 

26 

360-505 

435 

910 to 1300 max. at 1080 
Tr.«0.44% 

.030 

5 

Ultra-violet 

315 

19 

270-355 

316 


.005 

6 

Ultra-violet 

340 

14 

315-^70 

340 


.003 

7 

Near Ultra-violet 

368 

70 

317-430 

376 


.012 

8 

Ultra-violet 
and green 

304 

524 

40 

75 

240-357 

416-605 

305 

525 

804-903 max. at 830 
Tr.-L2% 

.113 


The determinations of total energy transmissions were made under 
actual working conditions. These values were measured by means of a 
thermopile and sensitive galvanometer. The response of a thermopile 
depends upon thermo-electric forces generated by the absorbed energy 

















Nn., 1929 


LOYD A. JONES 


123 


and is independent of the wave-length. Readings obtained are therefore 
directly proportional to total energy incident upon the thermopile. The 
thermopile was placed in the irradiation housing and occupied approxi- 
mately the same horizontal plane as that occupied by the rats during the 
irradiation treatment. The light source was then operated under the 
same conditions as those used m the treatment of the animals. It is 
practically impossible to operate an arc lamp at constant intensity, since 
there are continual fluctuations in current which are due to several 
causes. It was necessary, therefore, to make several readings in order to 
obtain a satisfactory value. Working in this manner, we found it was 
impossible to obtain very good agreement between successive readings. 
A more elaborate arrangement was therefore made under laboratory con- 
ditions where the arc could be more precisely controlled than in practice. 
A set of filters, identical with those used in the irradiation work, was 
arranged and a second set of measurements made. The values given in 
Table I are the weighted mean of these two sets of observations. The 
absolute value of energy of course must be derived entirely from those 
measurements made under actual working conditions in the irradiation 
housing. The energy measurements made in the laboratory are somewhat 
more precise and reproducible and this series was given greater weight 
in determining the relative energy values of the various filters. The values 
given in Table I are in terms of calories per square centimeter per minute. 
It will be noted that filters Nos. 5 and 6 transmit relatively very little 
energy. The value for filter No. 7 also is relatively low. The energies 
transmitted by filters No. 3 and No. 8 are approximately equal. That 
transmitted by No. 1, when subtracted from that transmitted by No. 8, 
gives approximately the value of energy which is transmitted by the ultra- 
violet band of filter No. 8. A comparison of the green transmission bands 
in filters No. 8 and No: 1 will show that that of No. 1 is somewhat nar- 
rower and has a lower transmission maximum. It is probable, therefore, 
that in arriving at a value for the energy transmitted by the ultra-violet 
band of No. 8 a value somewhat greater than 0.042 should be used. It is 
estimated that the energy transmitted by the green and infra-red bands 
in filter No. 8 is approximately 0.050 calorie per sq. cm. per minute. 
This gives for the ultra-violet band of filter No. 8 a value of 0.63. This 
value is practically 50 per cent of that for filter No. 3. 
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Introduction 

O F RECENT years the study of radiation therapy has received a 
great impetus. The discovery of the value of ultra-violet radia- 
tion in the prevention and cure of rickets is so well known as to need little 
comment. Since this discovery, the use of radiation therapy has been 
extended to the treatment of many diseases and exaggerated claims have 
been made as to its value. Very little attention has been paid to the fact 
that full radiations from any source of light may include a wide range of 
rays extending from the ultra-violet, through the visible to the infra-red 
regions of the spectrum. 

There is a tendency, in an ever-growing literature on the subject of 
light, to attribute every effect observed to radiations from the ultra-violet 
end of the spectrum. There is also a general impression that neither visible 
nor infra-red radiation exerts a specific effect on the animal organism. 
In order to know whether this is the case, it is necessary to isolate groups 
of radiations and to test their effect alone and in combination with other 
rays. 

In 1922, Hess, Pappenheimer, andWeinstock (1) and Hess and Weinstock 
(2) realised the importance of working with light filters. In an attempt to 
isolate and define the limits of anti-rachitic radiations they used a series 
of filters and tested the effects of radiations transmitted by them on rats 
fed on a standard rickets-produdng diet. They found that the anti- 
rachitic radiations were limited to a very narrow band, “between 296- 
302 m^,” and that waves longer than this were without effect. 

The studies reported in this paper are the result of an attempt, extending 
over a period of two years, to work with isolated radiations, of known 

*MedicaI Tnvelling Fellow of the Rockefeller Foundation and Senior Sterling Fellow of 
Yale University. 
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energy value and spectral distribution, and to test these radiations on 
rats suffering from various dietary deficiencies. 

The filters used in these experiments have been supplied to me by Dr. 
C. £. K. Mees to whom I am greatly indebted for a cooperation which has 
rendered this research possible, and also for much helpful criticism. 

Method 

The method employed in these experiments has involved the use of: 

1. A series of filters made of materials with a selective absorption, 
which transmit narrow bands of radiation of known spectral distribution, 
whose energy value is measured against the source of light used. 

2. A source of light giving an approximately continuous spectrum. 

3. An irradiation apparatus made to fit the filters. 

4. A photographic dark room for the housing of animals. 

1. Filters: The filters used in these experiments have been designed by 
Mr. L. A. Jones of the Eastman Kodak Company. A full description of 
them has been given in this journal (3). For a series of filters of general 
usefulness see also L. A. Jones (4). 

2. Source of Light: The source of light used has been the same throughout 
all the experiments, viz. a “Solarite” carbon arc lamp burning “white 
flame” copper coated carbons. (“Therapeutic A,” of the National Carbon 
Company, 12 inch X 13 mm.). The lamp was run on a direct current at 
110 volts and 30 amperes and was enclosed in a brightly polished reflector 
as shown in Figure 1. The reflector was made of metal, plated inside with 
highly polished nickel to obtain a surface giving the maximum reflection 
of light. The lamp was suspended immediately above the irradiation ap- 
paratus as shown in Figure 1. 

3. Irradiation Apparatus: Figure 1 is a diagram, drawn to scale, of the 
irradiation apparatus used. It consists of a strong wooden box supported 
on a table by three levelling screws. (Figure 1, diagram 1, gives a longi- 
tudinal, diagram 2 a transverse, view in section of the apparatus). The 
box is blackened inside and carries two metal ventilators above and 
below at the back, and one below in the front as shown in diagrams 1 and 
2. The apparatus is open below and the ventilation thus obtained was 
found to be completely satisfactory. Inside the box are two narrow wooden 
projections (E and G diagram I) ; for holding an irradiation cage (G) used 
for rats, and a tray (E) used for the raying of diet. Filters A and B fit 
the apparatiis as described below. 

Fitter A fits directly into the top of the wooden box. It consists of a 
metal tray 11 inches wide, 18 inches long and 2 inches deep, made of cast 




Figure 1. Irradiation apparatus. 
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brass heavily coated with silver. In the bottom of the tray are six rec- 
tangular openings (D) 4^ inches wide and 5^ inches long. Glass filters, 
protected at the edge with gasket material, can be screwed into these 
openings in such a way as to form a water-tight cell. This cell will hold 
solutions to a depth of 2 cm. 

Jones (4) emphasises the necessity for using suitable gasket material 
in order to maintain a tight joint in these trays, during periods of irradia- 
tion. In preliminary trials we had trouble with leakage, but the gasket 
material recommended by him (pure unvulcanized gum rubber sheets) 
was found to be entirely satisfactory. 

FUter B slides into the box from behind. It consists of a wooden holder 
containing six rectangular openings (C) the same size as those in Filter A 
which can be filled with gelatine filters. Filter B fits directly underneath 
Filter A as shown in diagram 2 and by this method the gelatine is protected 
from the direct action of the radiation. In cases when no gelatine filter 
is required, an unfilled Filter B is used so as to fill up the slit at the back 
of the apparatus and prevent the entrance of scattered radiation. 

It is seen from this diagram that the radiations from the carbon arc 
lamp are thrown on to the irradiation apparatus by means of the reflector 
with a minimum loss of light. They pass first through the solution in 
Filter A, then through selectively absorbing glass, then if need be through 
dyed gelatine, before finally impinging on the rats in the irradiation cage. 
It is possible by the use of this apparatus (a) to obtain a concentration of 
light and reduce the scattered radiation to a minumum; (b) to ensure that 
the animals receive no radiation that has not been filtered in the manner 
desired. 

4. Photographic Dark Room: The animals used in the experiments were 
housed in a room specially designed for photography, 17.4 ft. long; 16.4 ft. 
wide and 10.8 ft. high. It was shut off from the light by double doors 
each 3 ft. wide; the outer door opened into a laboratory which was used 
for the irradiation of the animals. The dark room was ventilated by means 
of an electric fan placed at the top of the inner door, on a level with an 
air shaft which opened into the wall opposite. 

The room was kept completely dark except for a period of about 2 
hours daily when the animals were fed and irradiated. During this time 
a 10 watt Westinghouse Mazda Lamp, enclosed in green frosted glass 
such as is used in photographic work, was used to give the necessary 
illumination. 

Beating of Room: The room contained no radiators. It was heated by 
means of hot air pipes covered with an insulating material containing 
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80 per cent magnesia. The amount of heat from the pipes maintained a 
fairly constant temperature of 70° F in the room during the winter. In 
summer it rose higher, as discussed later. 

The rats were kept in galvanised iron wire cages (8X10X10 inches) 
made with a i inch mesh, and had no bedding. Food and water were 
supplied in glass jars which were changed daily. Each animal was weighed 
once a week. The cages were supported on wire stands IJ inches high with 
a zinc pan placed underneath to catch excreta. Faeces and urine fell 
through the meshes of the cage to the pan beneath, and the daily tech- 
nique of keeping the animals dean simply consisted in repladng soiled 
by dean pans. The cages were kept on tables covered with oildoth, which 
were washed daily when the pans were changed. This technique for the 
care of the animals was found to be both quick and efficient. Speed 
was necessary in view of the desirability of having the room illuminated 
(even dimly) for the minimum time each day. 

Daily Routine of Irradiation 

The carbons of the lamp were first adjusted to ensure that they would 
burn for the required length of time. Filter A filled with the required 
glass was then fixed in position, and the necessary solution poured in to 
a depth of 2 cm by measurement; Filter B, (filled or unfilled with 
gelatine) was placed in position and the level of the solution in Filter A 
was tested in all the cells and adjusted if necessary. 

The rats were then brought out from the dark room in a closed con- 
tainer (6 to 9 could be rayed at one operation) and put into the wire cage. 
A wooden door (C diagram 2) which fitted in front of the irradiation cage 
was immediately closed. The lamp was then turned on for the required 
length of time, then shut off, and the rats were transferred back to the 
dark room in the closed container. 

Re-measurement of Filters 

Fresh solutions were not made up daily, but were kept up to the re- 
quired concentration by the addition of distilled water to compensate for 
evaporation. About 3 liters of the solution to be used were made up at the 
beginning of the experiment. Enough of this to give a level of 2 cm. in 
Filter A (Figure 1) was used. After use each day the solution was washed 
back from Filter A into the stock bottle. A sample of each solution used 
was remeasured after daily use during an experiment lasting for 10 weeks. 
No change had occurred in the absorption of any of the solutions during 
this time. This is evidence (a) of the stability of the ingredients used in 
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tlie different solutions; (b) that it is possible with care to keep the concen- 
tration constant by the addition of distilled water, and so to avoid the 
necessity of making up new solutions. 

Spectrophotometric measurements were made of the glass filters at the 
beginning and end of experiments to determine whether any change of ab- 
sorption had occurred with use. It has been found that certain filters 
which transmit ultra-violet radiation are unstable. These filters may be- 
come opaque to short wave-length radiation after prolonged exposure to 
light of high intensity. We found that the intensity used in our experi- 
ments was not sufficient to alter the transmitting power of the glass filters 
used. Samples measured before and after use showed identical absorption 
curves. The re-measurement of filters after use is, however, a necessary 
precaution. 

Cake of Filters After Use 

After use each day the solution in Filter A was washed out and the 
filter carefully dried and polished. The gelatine filter was also removed 
from the apparatus and kept free from dust. Care was also taken to keep 
the inside of the reflector well polished. These apparently trivial points 
are emphasised because of their extreme, importance in experiments whose 
aim is the quantitative use of radiation. 

Experimental Results in a Preliminary Experiment on 
THE Effect of Raying Rachitic Rats through 
A Series of Filters Transmitting Narrow 
Bands of Radution 

The rachitic rat was used in these experiments because of its known 
susceptibility to ultra-violet radiation. 

In an orientation experiment we used seven filters, full detmls of which 
are given by Jones (3) (Filters 2, 3, 4, 5, 6, 7, 8). 

Three families of rats, containing 8 members in each family (from the 
Albino Supply Co., Philadelphia) were used in this experiment. They 
were divided into 8 groups, each group of three rats containing one member 
of each family. All the rats were fed on Steenbock’s^modification (5) of 
McCollum’s 3143 diet. One group was kept all the time in complete dark- 
ness, the other seven groups were rayed daily for 10 minutes, each group 
of three rats receiving radiations through one of the seven filters. The 
experiment was continued for a period of 70 days. At the end of this time 
the rats were killed, and an ash analyris was made of the bones of both 
legs, (femur, tibia and fibula). The bones were dried for 12 hours at 
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110® C, extracted in hot alcohol for 48 hours, followed by 12 hours extrac- 
tion in hot ether. The fat-free bones were then ashed in porcelain crucibles 
at red heat till all organic matter had disappeared. 

Result of Experiment: The main result of this experiment is seen from 
Fig. 2 where the average ratios between the ash and organic residues 
(A/R values Chick and Roscoe (6)) in the bones of each group, are plotted 
against the wave-length at the centre of gravity of the band transmitted 
by each filter (C. G.). It is seen that the best protection, as indicated 



Fio. 2. — Average A/R values, 3 rats in each group, plotted against C.G. wavelength of filter used. 


by the A/R ratio, was obtained with radiations transmitted by filter 8 
which had a maximum transmission in the ultra-violet of 40 per cent at 
304 mn and a wave-length limit in the ultra-violet from 240-357 nyi. 
This filter also transmits a band of radiation in the green, which in a 
subsequent experiment was tested separately and found to be without 
effect. 

This experiment illustrated some of the difficulties met with in attempts 
to work qualitatively and quantitatively with radiation. 

1. In general, in attempting to obtmn narrow spectral bands by selective 
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absorption methods, it is necessary to sacrifice intensity in order to obtain 
purity of ray. This will lead to inconclusive results such as those obtained 
with the use of filters 6 and S. The resxilts obtained with the use of both 
these filters can be interpreted to mean (a) That the rays transmitted 
were inactive; (b) That they were not transmitted in sufiicient intensity 
to produce either a full (No. 5) or a partial (No. 6) result. 

2. There is a great variability in the percentage of radiation transmitted 
at the wave-length of maximum transmission in each filter. The range in 
this series of filters is from 14-75 per cent. See Jones (3) 

3. There is also of necessity great variability between the total energy 
value of the different groups of radiation. The two filters that transmit 
approximately the same total energy are 8 (0.113 gm cal/min/cm’) and 
3 (0.122 gm cal/min/cm’). See Jones (3) 

4. In attempting to analyse the data obtained from three rats in each 
group we found a wide range of variation within the groups themselves. 
Although the mean values could be expressed in the form of a smooth 
curve (Fig. 2), the probable error of the mean in each group was such that 
there was much over-lapping. We decided, therefore, to work in future 
experiments with large groups of animals so as to obtain results which 
were capable of statistical analysis. 

Experiment II, Winter 1928 

The object of this experiment was to determine whether near infra-red 
radiation within the limits transmitted by filter 3 (720-1120 mju) exerted 
any effect on rachitic rats. The orientation experiment, already described, 
indicated an effect which resulted in lower A/R values in bone in a group 
of three rats receiving infra-red radiation daily for a period of 70 days. 
This result was not conclusive because of the limited number of animal s 
used. 

We decided to test the effect of infra-red radiation (a) given alone; 
(b) given in addition to ultra-violet. For this purpose we selected filters 
3 (infra-red) and 8 (ultra-violet). The energy value of the radiations trans- 
mitted through these two filters is approximately the same (i.e. for 3, 0.122 
gm cal/min/cm’; for 8, 0.113 gm cal/min/cm’). Filter 8 transmits, in addi- 
tion to ultra-violet, a band of radiation in the green. It has also a slight resid- 
ual transmission in the infra-red. As indicated by Jones (3) Table I, the 
maximum transmission at 830 mu is only 1.2 per cent with a wave-length 
limit of 805-903 m/i. This band is therefore very narrow; the total energy 
transmitted in this region must therefore be exceedingly small and, our 
experiments show, of negligible magnitude. We wished to find out wheth- 
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er the band in the green contributed to the result obtained with this 
filter. It was found impossible to exclude the green radiations from this 
filter without reducing the intensity of the ultra-violet, but the use of filter 
1, Jones (3), made it possible to exclude the ultra-violet and use the green. 

Full details of the radiations transmitted by these three filters are given 
by Jones (3) (Nos. 1, 3, 8). 

Ninety rats (from the Albino Supply Co., Philadelphia) were used in 
this experiment; 9 litters containing 10 members in each litter. These 
rats were divided into five groups of 18 rats in each group, each group 
containing 2 ipembers out of each family sampled by the method de- 
scribed below. All the rats were fed on Steenbock’s modification (5) of 
McCollum’s 3143 diet and radiated as follows: 

Groups 

Controls Kept in complete darkness. 

1 Rayed for 10 minutes daily through filter 1. 

Green radiations (443-590 mp). 

3 Rayed for 10 minutes daily through filter 3. 

Infra-red radiations (7 20-1 1 20 mp) . 

3-f8 Rayed for 10 minutes daily through filter 3. 

Followed by a similar irradiation through filter 8 (ultra- 
violet and green) 

3 720-1120 mp 
8 240-357 ran 
416-605 mp 

8 Rayed for 10 minutes daily through filter 8. 

Ultra-violet and green. 

240-357 ran 
416-605 ran 

Sampling op Families in the Selection of Groups 

Great care was exercised in the sampling of animals for the different 
groups, to secure both equal representation of the different families and 
equal average weights of the animals in each group. Diagram I represents 
the method employed. 

The width of the wedge indicates gradation of weight from the highest 
to lowest in individual members of a family, and in the mean initial weights 
of the families. The groups were selected as indicated on diagram. The 
rats were 24 days old at the beginning of the experiment and the mean 
initial weight per rat, in the different groups, was as follows: 
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Controls 

1 

3 

3+8 

8 


gm- 

3S.1±0.S6 

3S.0±0.S4 

34.2±0.7S 

34.9±0.63 

34.910.70 


This method of sampling rats is emphasized because it has been found 
effective in reducing errors due to individual variation of the rats in the 
same group. 
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Diagram I 

Dxaoxak1.-^To illustrate method of sampling rats. Width of wedge indicates gradation of 
weight. 

COOKSE OF ExPESHIENT 

The experim^t was continued for 49 days, and was then terminated 
because the control rats and the members of group 1 were moribund with 
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rickets. For the first four weeks of experiment nothing very striking was 
observed. The different groups of rats followed the usual course of pro- 
tected and unprotected rats fed on a standard rickets-produdng diet, 
i.e. the controls group 1, and group 3 grew less well than groups 3-1-8, and 
8, and showed no clinical evidence of receiving protection against the 
disease. After the 35th day, however, a striking effect on growth was 



Fig. 3.— a comparison of the growth of two groups, 18 rats in each group. 

Controls, no radiation. 

No. 3 infra>red radiation. 

Width of band—P-E. of mean. 

observed in group 3 receiving infra-red radiation. At the stage in which 
the controls and group 1 began to lose weight, develop hind leg paralysis 
and all the terminal signs of extreme rickets, group 3 was in a different 
category. These 18 rats continued to grow, and ate about 5 grams a day 
more food than the controls, although clinically they showed no evidence 
of protection. Their chests were soft, rachitic deformities could be felt, 
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and there was obvious enlargement of the radioulnar epiphyses. None of 
them developed hind leg paralysis and they remained fairly active to the 
end of the eiperiment. , 

The clinical course of groups 3+8 and 8, was identical. The animals in 
both groups were active, showed steady growth, had firm, well developed 



7 21 28 35 

DAYS ON DIET 


Fig. 4.— No. 1 green radiation. 
Width of band of mean. 


chests and no clinical evidence of rickets. Towards the end of the experi- 
ment, group 3+8 appeared to be growing slightly better then group 8, 
but the difference at the time was so slight that we regarded it as being 
without significance. Its significance will be discussed later. Figs. 3, 4, 
and 5 show the growth of the different groups. In these charts the mean 
percentage increase on initial weight in ea<^ group is plotted against the 
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length of time on the diet. The probable error of the mean for each group, 
is indicated by the width of the band.* 



DAYS ON DIET 

Fio. 5. — A comparison of the growth of two groups, 18 rats in each group. 

No. 8 ultra-violet and green radiation. 

No. 3+8 infra-red+Uv. and green. 

Width of band— P.E, of mean. 

♦The probable error of the mean in aU the expe riments has been calculated from the formula; 
P. E.ofMean».675V2{m— x)Vn(n-l) 
m«>the mean 

x«an 3 r one of the observations 
nwthe total number of observations 
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Post Mosteic Findings 

At autopsy the rats were divided into three categories. 

1. Extreme rickets with hind leg paralysis — controls and group 1. These 
34 rats (one out of each group died early in the experiment) all showed 
the same well-known clinical picture — poor nourishment, chest deformities 
with multiple spontaneous fractures of the ribs, beading, enlarged epi- 
physes, marked lordosis of the spine. 

2. Extreme rickets without hind leg paralysis — Group 3. By gross exam- 
ination the degree of rickets in this group was just as severe as that in 
the control group and group 1, the only difference being that it occurred 
in a better nourished rat. The chests were deformed, there were multiple 
spontaneous fractures of the ribs, very marked beading and enlargement 
of the epiphyses, but no lordosis of the spine. Apparently the increased 
growth of these animals was suflBcient, at this stage, to prevent spinal 
deformity followed by a mechanical involvement of the spinal cord. In 
a subsequent trial we found that with prolonged treatment the hind 
leg paralysis ultimately develops in rats receiving infra-red radiations. 

3. No Rickets — Groups 3-1-8 and 8. These two groups were indistinguish- 
able at autopsy. All the rats had firm, hard chests, normal epiphyses and 
showed evidence of complete protection. 

Results Obtained from Ash Analysis of Bone in the Five Groups 

A determination of the ash content in one leg bone (femur, tibia and 
fibula) from each rat was made by the method already described. 

The results of these analyses are summarised in Table I. The data 
obtained from the A/R values have been expressed in the frequency poly- 
gons given in Fig. 6. It is seen from this (Fig. 6) that the control group, 
and group 1 are identical both on average values and distribution, so thatthe 
probable error of the mean is the same in both these two groups. This 
shows conclusively that the green radiations, transmitted through filter 
1, are by themselves completely without effect. It does not show, however, 
whether the band of ultra-violet radiations would have been more, or 
less, effective without the green. So far we have been unsuccessful in 
isolating this band of ultra-violet radiations without reducing its intensity. 
It would be necessary to do this before we could say whether the band is 
more effective alone than mixed with the green. 

This result also shows that the daily technique of handling the rats, 
and radiating them is completely without effect unless they are exposed 
to effective radiations. 




Average Values Obtained From Bone Analysis. 18 Rats in Each Group 
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The frequency polygon of group 3 is wide-spread, diphasic, and quite 
different in character from that of the control group and group 1. The 
average value for the A/R ratios in this group is higher than in the other 
two unprotected groups. This apparent improvement in calcification 
cannot be regarded as evidence of protection. The average A/R values 
(0.49) are well within the limits obtained for unprotected rats, and fur- 
thermore, the clinical evidence of severe rickets was unequivocal. We 



Fig, 6. — Frequency polygons of A/R ratios in bones of rats irradiated through filters. 


C, controls, no radiation 

17 rats 

Small blocks under 

No. 1, green radiation 

17 " 

curves denote place of 

No. 3, infra-red radiation 

18 " 

mean with P.£. of mean 

No. 3+8, infra-red +ultra- violet and green 

18 “ 

in each group 

No. 8, ultra-violet and green radiation 

18 « 



attribute the higher A/R values in group 3 to an improvement in meta- 
bolic conditions following increased growth and food intake. We have 
shown in a subsequent experiment, prolonged for twice the time, that 
the improvement is only temporary. 

The polygon of group 3-1-8 is more wide-spread than that of group 8, 
and the mean A/R values, including the probable error of the mean, 
falls below that obtained in group 8. We do not, on account of the limited 
number of observations, attach too much importance to the shape of 
these polygons, but it is interesting to note that the two groups showing 
the widest spread were these receiving infra-red radiation. 

The Relationship op the Results op Bone Analysis 
TO THE Body Weight op the Rats 

The results obtmned in group 3-1-8 as compared with group 8 were 
surpriang. A comparison of Tables IV and V (pp. 151, 152) shows that 
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group 3+8 had consistently lower A/R values in 16 out of 18 rats as com- 
pared with their litter mates in group 8. The differences are small, but 
consistent, and the mean A/R value including the F. £. of the mean (Fig. 
6) for the group 3+8 falls well below that of group 8. This result on the 
analysis of bone, was the first definite indication we had that infra-red 
radiation given in addition to ultra-violet produced any effect, and we 
were at a loss to explain it. 



Fig. 7. — comparison of the growth of two groups. 

Controls, no radiation. 

No. 3 infra-red radiation. 

Width of band~P.£. of mean. 

Since a lowered A/R ratio in one group must mean either an increase in 
the total organic residue in the bone of that group, or else a decrease in 
the ash, or both, we analysed the actual weights of ash and organic residue 
obtained from individual bone analysis of the 36 rats in these two groups. 
The average figures obtained were: 


Geouf 

O.R. 

Ash 

gm. 

gm. 

3+8 

0.1441 

0.1437 

8 

0.1392 

0.1446 
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These figures show that the group 3+8 had a definitely higher content 
of organic residue, and a slightly lower ash in bone than group 8. 

We had observed a striking effect of infra-red radiation on the growth 
of the rats in group 3, and also a tendency to increased growth of the rats 
in group 3+8. We therefore analysed the data given in Chart 4 still 
further to find out whether the weight of ash and organic residues in 
the bones, bore any definite relationship to the body weight of the rats. 

Table III 


Showing the Relationship Between the Actual Weight of Organic Residue and Ash in 
Bone to the Body Weight of Rat. 

Average values obtained from 18 rats in each group. 


Group 

Average 
Body 
wt. Gm. 

Average Organic 
Residue in bone. 
Gm. 

Average Ash in 
bone Gm. 

• O.R. 

B.W. 

A 

B.W. 

Controls 
no light 

52 

0.1187 ±.002 

0.0351 ±.001 

0. 0024 ± .00005 

0. 0006 ± .00002 


53 

0.1297 ±.003 




3 

Infra-red 

81 

0.1287 ±.002 

0.0644±.002 

0.0016 ±.00002 

0.0008±. 00002 

3+8 

Infra-red+ 
ultra-violet 
and green 

94 

0.1441 ±.003 

0.1437±.003 

0.0015 ±.00002 

0.0015±. 00002 

1 

8 

Ultra-violet 
and green. 

91 

0.1392 ±.002 

0.1446±.003 

0. 0015 ± .00002 

0.0016 ±.00002 


The results of this analysis are given in Table III and Fig. 8. Table 
III gives the average weights of organic residue and ash in each group and 
the ratios between these and the body weights of the rats. Fig. 8 gives the 
frequency polygon obtained from the analysis. 

It is seen from Table III that the average values for organic residue in 
the bones of the five groups do not vary within very wide limits, the lowest 
value being 0.1187 gm. in the control group, and the highest 0.1441 gm. 
in group 3+8. As a result of this the OR/BW ratios (Fig. 8) reflect the 
growth of the rats so that the highest values are obtained in the two groups 
(controls and 1) with the lowest body weight. There is a much wider 
range of variation in the ash content of the different groups (0.0351 gm. 
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in the contn)ls~0.1446 gm. in group 8), so that the ash content of the pro- 
tected rats (8 and 3*f8) is roughly four times as great as that in the other 
groups. The A/BW ratios therefore reflect the degree of calcification 
obtained in spite of the increased body weight of groups 3, 3-1-8, and 8. 
Group 3 therefore shows an OR/BW ratio which falls within the limits 
of the well-grown protected groups, whilst its A/BW ratio falls within 
the limits of the poorly caldfled unprotected groups. 



Fig. 8.— Frequency polygons of ratios between results of bone analysis and body weight of rats 

irradiated through filters. 


C, controls. No radiation 

17 rats 


No. 1, green 

17 “ 

Blocks under curves mark 

No. 3, infra*red 

18 “ 

place of mean with P.E. 

No. 3+8, infra-red+Uv. and green 

18 “ 

of mean in each group. 

No. 8, ultra<violet and green 

18 « 



In Fig. 6 we have shown that the A/R ratios in the control group and 
group 1 are identical on mean values and distribution. The OR/BW 
and A/BW ratios for these two groups in Fig. 8 show slightly different 
distributions, but the mean values with the probable error of the mean in 
the two groups do not show any signiflcant difference. The OR/BW values 
for group 3 are lower, and the A/BW ratios higher than these obtained 
in the control group and group 1, giving the higher A/R ratios shown on 
Chart 4. 

Our main object in doing this analysis was to find out whether the 
lowered A/R ratios in group 3-{'8 as compared with group 8 co\ild be 
traced to an increase in organic reddue, or to a decrease in ash per unit 
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of body weight. Fig. 8 shows that the OR/BW ratios in groups 3+8 and 8 
are identical, both on average values and distribution, so that the probable 
error of the mean in these two groups is the same. These two groups of 
rats therefore had the same amount of organic residue in bone per unit 
of body weight. The A/BW polygons for groups 3+8 and 8 are not quite 
the same. They fall within the same limits, but the shape of the polygons 
is different. Group 8 shows a skewed curve which may indicate a tendency 
for the ash values to be higher in this group than in group 3+8. 

Owing to the limited number of observations, too much emphasis 
cannot be laid on this, but the difference is in favor of a slightly lowered 
ash content per unit of body weight in group 3+8. 

Conclusions Experiment II — Winter 1928 

(1) Eighteen rats fed on a rickets-producing diet and irradiated daily 
for 10 minutes with near infra-red radiation (720-1 120miu) for 49 days 
showed a marked acceleration of growth as compared with 18 litter mates 
kept in complete darkness. 

(2) This increased growth in the rats receiving infra-red radiation was 
associated with slightly higher ratios between the ash and organic re- 
sidue in the bones of these rats. There was no evidence of protection by 
clinical examination. 

(3) A band of green radiations transmitted along with ultra-violet, 
through filter 8, had, by itself, no effect. 

(4) Eighteen rats irradiated daily with both infra-red and ultra- 
violet radiations showed slight evidence of acceleration of growth at the 
end of 49 days as compared with 18 litter mates receiving ultra-violet 
only. 

(5) This increased growth was associated with lower A/R values in bone 
in the group receiving infra-red in addition to ultra-violet, as compared 
with the group receiving ultra-violet radiation only. 

(6) The two groups of rats receiving ultra-violet, with or without the 
addition of infra-red radiation, had the same amount of organic residue 
in bone per unit of body weight. 

(7) The rats receiving infra-red radiation in addition to ultra-\dolet 
showed a slightly lower ash content of bone per unit of body weight, 
as compared with 18 litter mates receiving ultra-violet only. 

(8) The main effect of a 10 minutes daily exposure to near infra-red 
radiation (720-1120 mp, total radiation intensity 0.122 gm. cal/min/cm’) 
in both protected and unprotected rats appears to be a stimulation of 
growth. 
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Experiment III— Summer 1928 

In order to confirm the result obtained in promoting growth with infra- 
red radiation, the winter experiment of 1928 was repeated in the summer 
of 1928. Thirty-six rats were used, 18 kept as controls and 18 irradiated 
daily for 10 minutes through filter 3. The rats were 24 days old at the 
beginning of experiment. 

mean wt. of control group =35.1 ±0.54 
” ” ” group 3 =35.5 ±0.63 

These rats were sampled from litters by the method described in the pre- 
ceding experiment. 

Course of Experiment 

This experiment was complicated by the excessive heat of summer. 
A large number of the rats in both groups died at a time when it was 
found impossible to keep the temperature of the dark room below 80°F. 
The highest temperature recorded was87“F. Twelve out of the 18 rats 
irradiated with infra-red radiation showed no response to the treatment. 
Their growth corresponded with that of the controls and 9 out of the 12 
were dead at the end of 49 days, the remaining 3 died at the end of 56 days. 

The remaining six rats in group 3 cohfirmed the results already described 
in Experiment II. This experiment, instead of being terminated at 49 
days as in experiment II, was continued with the surviving rats for 91 
days. Fig. 7 shows a comparison of growth of the two groups, the con- 
trols and the six rats in group 3. 

A comparison of Figs. 3 and 7 shows: 

(1) That all the animals in the summer experiment grew less well 
than they did in the winter experiment; a result that we attribute to the 
excessive heat of summer conditions. The diflSculties of conducting ex- 
periments with rats in the height of summer in this country are well 
known. It has been our experience that the vitality of the animals becomes 
depressed to such an extent that they may fail to respond to any form of 
treatment. 

(2) In both experiments there was no marked divergence in growth 
until after the 28th day. 

(3) In Fig. 7 it is seen that the six rats in group 3 continued to grow 
until the S6th day, whilst the controls began to lose weight after the 
28th day. The six rats in group 3 maintained their weight until the 
77th day and only showed a slight loss of weight by the 91st day. At 
the end of this time five out of the six had developed hind leg paralysis 
and all the signs of extreme rickets. Tliey were then killed, since it was 
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evident that no protection against rickets was being obtained. If the 
experiment had been continued it would have been possible to keep these 
six animals alive for some weeks longer. 

Post Mortem Findings 

The control group and the 12 rats out of group 3 which failed to respond 
to infra-red radiation showed an extreme degree of inanition with ac- 
companying signs of rickets and hind leg paralysis. The six rats that 
survived the experiment for 91 days were better nourished, but five out 
the six showed lordosis of the spine with accompanying hind leg paralysis, 
together with all the other signs of extreme rickets. 

Results Obtained from Ash Analysis of Bone 

These are summarised in Table II. 

The average A/R values for the controls and the 12 rats in group 3 
which did not respond with increased growth are identical (Table II). 
The level of the A/R ratios in the six rats in group 3 which did respond 
with increased growth fall slightly below the values obtained for the 
controls. This shows clearly that the increased growth in the latter group 
was not accompanied by any protection against the disease. It also 
confirms our original finding in an orientation experiment, prolonged for 
70 days. 

Conclusions Experiment III — Summer 1928 

1. The growth-promoting effect of infra-red radiation on rachitic 
rats was again demonstrated in 6 out of 18 rats. 

2. It is thought that the excessive heat of summer conditions of experi- 
ment interfered with the full result which was obtained in a similar 
experiment conducted in the winter. The temperature of the room in 
which the rats were kept was 10°C higher in the summer than in the winter 
experiment. 

3. The six rats which responded to irradiation with infra-red survived 
the diet for at least 4 weeks longer than the controls. They ultimately 
developed hind leg paralysis and all the signs of extreme rickets. 

4. The A/R ratios in the bones of these six rats were slightly lower than 
those obtained from the controls. 

Discussion of Results 

The literature on the subject of the biological effects of infra-red 
radiation is scanty and inconclusive. 
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Several investigators have claimed tibiat the action of ultra-violet 
radiation may be modified or annulled by the simultaneous use of light 
of longer wave-length. 

In 1922, Hess, Pappenheimer and Weinstock (2) put forward evidence 
that the anti-rachitic value of ultra-violet radiation was inhibited by the 
presence of visible and infra-red radiations. The basis of their evidence 
was a comparison between G86B, a Coming white glass filter, and G586A, 
a Coming blue glass filter, in the transmission of anti-rachitic radiations. 
By a comparison of spectrograms they regarded these two filters as 
transmitting ultra-violet radiation of the same wave-length and intensity. 
They found that a partial protective effect against rickets was produced 
in rats rayed behind the blue glass, whilst the radiations filtered through 
the white glass were without effect. Their argument, therefore, was that 
the same amount of ultra-violet radiation, whilst partially active alone, 
is inactive when mixed with light of longer wave-length. Azuma and 
Hill (7) criticised their results on the ground that they might equally 
well be explained in terms of unequal intensity of ultra-violet transmitted 
by the two filters. We know that different samples of the same glass may 
vary considerably in their transmission, and therefore it is impossible 
to say, without measuring the actual pieces used by Hess, et d, whether 
this is so. But, complete spectrophotometric measurement of samples 
(of the same thickness) of the two glasses made here* shows that the white 
glass transmits slightly more ultra-violet, and at least seven times as 
much total energy in the infra-red, as the blue glass. This finding would 
lend support to the theory of Hess. 

D. T. Harris (8) in 1925 found that the addition of visible radiations 
nullified the stimulating effect of ultra-violet on the metabolic rate of 
small animals, and on the smooth muscle of the frog. He regards this 
phenomenon as “one of physiological antagonism, rather than physical 
interference.” 

Azuma and Hill (7) repeated the experiments of Harris and were unable 
to confirm them. 

Sheard and Hardenbergh (9) found that the simultaneous use of ultra- 
violet and infra-red radiation on demodex folliculum produced lethal 
effects more rapidly than the consecutive application of these two types 
of irradiation. This would imply that the two types of radiation were 
more effective mixed than separate. This view is directly opposed to 


* I >m iadcbted to Mr. E. E. Riduudion of Kodak Park for fab {n .n«Miig tfaase 
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that of P4ch (10) who foxmd that the effect of ultra-violet radiation in 
bleaching cotton, or in the production of erythema of the skin was de- 
layed in its action on the addition of red, or infra-red radiation. 

In 1918, Bovie and Klein (11) made the extremely interesting observa- 
tion of a sensiti zing action of ultra-violet upon the organism. They found 
that the exposure of paramoecia to a sub-lethal dose of ultra-violet rendered 
them so sensitive to heat that they could not stand a temperature which 
was optimal for the controls. 

A recent paper by Sheard and Higgins (12) claims that the yellow and 
red wave-lengths of sunlight are important for the normal growth and 
development of chicks. These writers regard the presence of infra-red 
radiation as being without effect, but as they failed to exclude it from any 
of their filters, no conclusions as to its value or otherwise are permissible 
from their data. 

Most of these observations are concerned with the reciprocal action 
of two types of radiation; none of them postulate any independent action 
of infra-red, or shows that by itself it will produce any physiological 
effect. This field is comparatively unexplored and the results reported 
in this paper do not, as yet, lend themselves to any but a tentative 
explanation. 

We have demonstrated a growth-promoting effect on rachitic rats of an 
isolated band of radiations in the near infra-red region of the spectrum. 
The effect of infra-red radiation on these animals is different from that 
of ultra-violet in that it confers no protection against the disease. 

Given in addition to ultra-violet, infra-red radiation also produces 
a slight effect on the growth of rats, as compared with those receiving 
ultra-violet only. At the same time the rats receiving infra-red radiation 
show an increase in the organic constituents of bone, a slight decrease 
in the ash, and lowered A/R ratios, as compared with those receiving ultra- 
violet only. This increase in organic residue is more apparent than real 
ance it bears a definite relationship to body weight and apparently 
indicates only a slight increase in growth. The ash content of the bones 
of the rats receiving infra-red in addition to ultra-violet radiation is 
slightly lower per unit of body weight, than that in the bones of the group 
receiving ultra-violet radiation only. 

The explanation of this is, at present, a matter of conjecture. We 
have considered various possibilities, amongst them that infra-red radi- 
ation modifies the synthesis of Vitamin D in the skin, under the action 
of ultra-violet, in such a way that its full effect is not apparent. This 
might be brought about (a) by a direct effect of infra-red radiation upon 
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Vitamin D already formed, or (b) by some independent action of infra- 
red radiation whereby the sterols in the skin are rendered less easily 
activated by ultra-violet. 

We found in group 3 a marked increase, as compared with the other 
four groups, in the total fat of the skins of the rats. This increase in fat 
was not accompanied by any corresponding increase in the phospholipid 
or unsaponihable fractions. We did not however, find this increase in 
fat in the skins of the rats in group 3-1-8. 

I am indebted to Dr. Bloor, who kindly analysed samples of the fat 
extracted from the skins, for permission to publish the above statement. 
We can draw no conclusions from our data at present. 

Sonne (13) found that 1.79 gm. cal/min/cm* of near infra-red radiation 
transmitted from a carbon arc lamp could be borne apparently indefinitely 
on the flexer surface of the human arm without giving rise to a blister. 
He also found it possible to raise the temperature in the blood underneath 
the skin several degrees by means of visible radiations, but not with infra- 
red. He concluded that infra-red rays are immediately absorbed in the 
superficial cells of the skin which are thereby quickly heated, evoking 
a sensation of pain at a comparatively low energy value of radiation ; 
and because of this more heat is absorbed from visible than infra-red 
radiations. His work would indicate that the effect of infra-red radiation 
takes place at the surface of the human skin. 

With regard to the possibility of the effects we have shown being due 
to heat, we do not claim to have ruled this out and we intend to investigate 
it further. It seems unlikely that the small amount of total energy used 
0.122 gm. cal/min/cm’ for 10 min. per day would be sufficient to heat 
the animals to any great extent. It was not sufficient to raise their 
rectal temperatures. 

We have found that rats used in our experiments are very sensitive to 
heat; either to increased air temperature in summer or to an overdose of 
heat radiation. But the effects produced on the animals in these two ways 
are completely different from those obtained by radiation through filter 3. 
When overheated, the rats show evidence of exhaustion. They become 
inactive, lose appetite, fail to grow, show excessive sweating which starts 
aroimd the chin and neck, and if heating is continued they die. The rats 
irradiated through filter 3 showed none of these symptoms. They were 
extremely active in the irradiation cage, and showed not the slightest 
evidence of sweating or exhaustion. We have also shown that 12 out of 
18 rats in a summer experiment, when the air temperature was 10" 
higher than that in the winter, failed to respond to the radiation with 
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Table V 

Kesults OE Bone Analyses. Group 8. 
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Average 0.3347 7.7 14.7 21.9 41.6 48.8 22.9 43.5 51.0 47.2 
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infra-red. An increase in air temperature would therefore appear to de- 
press the vitality of the rats to such an extent that they may be rendered 
unable to respond to treatment. 

SUUMASY 

1. A 10 minutes daily exposure to near infra-red radiation (720-1120 
m/i) total energy value (0.122 gm. cal/min/cm*) from a carbon arc lamp, 
will stimulate growth in rachitic rats and prolong their period of survival 
on the rickets-producing diet. 

2. The effect of infra-red radiation on the rats is different from that of 
ultra-violet since the animals receive no protection against the disease. 

3. An increase in air temperature during summer conditions of experi- 
ment will depress the vitality of the rats, and make them less likely to 
respond to treatment with infra-red radiation. 

4. Given in conjunction with ultra-violet, infra-red radiation also 
stimulates growth, to some extent, in rats fed on a standard rickets- 
producing diet. 

In conclusion my warm thanks are due to Dr. E. A. Park for his constant 
support and helpful criticism throughout the course of these experiments; 
also to my assistant Miss Ruth Teasdale for skilled and conscientious 
help in tedious routine work. 1 should like also to thank the anonjonous 
donor of the Gift Fund of Yale University whose generosity has defrayed 
the cost of this research. My thanks also are due to Dean G. H. Whipple 
for the hospitality of the laboratories in the Medical School of the Univer- 
sity of Rochester, where these experiments have been carried out. 
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F rom time to time attention is directed in the literature to the 
possibility of injurious effects resulting from the habitual use in 
the diet of certain types of baking powders. This is particularly true of 
those powders which contain tartrates or aluminum compounds as the 
leavening agents. Investigations in many laboratories have shown that 
tartrates, when administered parenterally to animals, produce a severe 
form of nephritis associated with profound destruction of the tubular 
epithelium. Several years ago studies in this laboratory (Rose, 1924) 
demonstrated that the subcutaneous adnoinistration to rabbits of sodium 
tartrate leads to enormous increases in non-protein nitrogen, urea, creat- 
inine, sugar and cholesterol of the blood, accompanied by diminished 
excretion of total nitrogen in the urine. In many of the animals the ability 
to excrete phenolsulfonephthalein dropped to zero. Pearce and Ringer 
(1913) report that the characteristic renal lesions occur regardless of the 
mode of administration of the tartrate, provided the latter reaches the 
circulation. On the other hand, it has been clearly shown that when tar- 
trates are given by mouth, much larger doses are required than when they 
are introduced parenterally (cf. UnderhiU, Wells and Goldschmidt, 1913; 
Pearce and Ringer, 1913; Salant and Smith, 1914). In human subjects. 
Post (1914) was unable to obtain evidence of albuminuria or cast formation 
after giving medicinal doses of Rochelle salts to normal individuals, nor 
could he demonstrate an aggravation of an existing nephritis following 
oral tartrate administration. Thus there appears to be no doubt as to 
the nephrotoxicity of tartrates injected subcutaneously; but the evidence 
regarding the influence of these materials when administered orally is 
not so clear. Furthermore, it does not follow necessarily, because a single 
large dose by mouth does or does not lead to renal injury, that comparable 
effects would result from the alimentary introduction of small amounts 
over long periods of time. 


* Some the earUet experiments itqiorted heron were conducted by A. L. Rawlins. 
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As to the phyaological action of aluminum-containing baking powders, 
Gies and his associates (1916) have maintained for a number of years 
that compounds of aluminum are absorbed from the intestine and may 
lead to deleterious effects. Findings adverse to the above, however, have 
been reported by a number of investigators. Thus the Referee Board of 
Consulting Scientific Experts (1914) found no detrimental influence upon 
metabolism following the ingestion of bread prepared with such baking 
powder. The experiments were conducted upon 26 healthy young men. 
Similar results were obtained by Schmidt and Hoagland (1919). Indeed, 
the latter state that aluminum is not absorbed from the intestine, but is 
quantitatively excreted in the feces. 

Quite recently McCollum, Rask and Becker (1928) have applied the 
spectrographic technic to a study of the fate of administered aluminum. 
Although the method permits the detection of 0.5 parts per million of 
the metal, no evidence of the absorption of the latter from the alimentary 
tract was secured. The authors state that “Aluminum is not a constituent 
of either plant or animal matter,” and that “Aluminum compounds in 
the diet in concentrations as high as 600 parts per million of the element 
aluminum exert no noticeable deleterious action on growth, reproduction, 
or general well being as judged by external appearance and autopsy.” 
Similar conclusions regarding the non-toxic nature of aluminum were 
reached by Myers and his associates (1928). These authors observed no 
inhibition in growth nor other evidences of abnormality following the 
daily administration to rats of 2 mg. of aluminum in the form of potassium 
aluminum sulfate. Their results differ, however, from those of McCollum, 
Rask and Becker in regard to the occurrence of aluminum in biological 
materials. By means of a colorimeteric method developed by Myers, 
Mull and Morrison (1928) minute traces of the element were detected in 
tissues of rats and dogs, and in human autopsy material. 

In view of the lack of uniformity in the data briefly outlined above, and 
the apparent uncertainty which still exists in the minds of many as to 
the possible injurious effects of baking powder components, we have 
undertaken a series of investigations involving the use of three types of 
powders containing respectively (a) a tartrate, (b) calcium acid phosphate, 
and (c) a mixture of calcium add phosphate and anhydrous sodium alum- 
inum sulfate. In the present paper we are concerned only with the alleged 
injurious effects, espedally the influence of the baking powders upon 
growth and renal function. In a later communication we shall consider 
the distribution of aluminum in animal tissues, and attempt to demon- 
strate whether it is an accidental or essential dietary component. 
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EXFESIMENTAL 

Young rats served as the experimental animals. These were divided 
into four groups, and each group was placed upon one of the diets out- 
lined in Table I. As far as practicable, the animals of each litter were 
distributed among the four groups so as to make possible a comparison 
of the growth performance of each rat with that of its twin brothers and 
sisters upon the other rations. Inasmuch as the literature appeared to 
indicate a greater probability of nephrotoxic effects resulting from tar- 
trates than from the other baking powder ingredients, a larger number 
of rats was placed upon Diet D than upon Diets A, B and C. 


Table I 

COUPOSmON OF THE DiETS 



Diet A. 

Diet B. 

Diet C. 

Diet D. 

Casein, gm 

80 

80.0 

80 

80 

Whole wheat flour, gm 

760 

760.0 

760 

760 

Lard, gm 

SO 

50.0 

SO 

SO 

Cod liver oil, gm .... 

30 

30.0 

30 

30 

Salt mixture, gm 

40 

40.0 

40 

40 

Yeast, gm 

20 

20.0 

20 

20 

Agar, gm . . 

20 

20.0 

20 

20 

Milk, cc 

530 

530.0 

530 

530 

Water, cc 

70 

70.0 

70 

70 

Calcium phosphate baking powder, gm 


64.5 



Calcium phosphate-sodium aluminum sulfate baking 





powder, gm 



29 


Potassium bitartrate baking powder, gm 




46 


As will be observed, the diets are identical except for the baking powders 
which they contained. Diet A was devoid of all baking powder, and served 
as a control ration. The quantities of the powders employed were made 
to conform as nearly as possible with the directions on the containers. 
Inasmuch as the manufacturer’s instructions are given in terms of tea- 
spoonfuls per quart of flour, the corresponding weight proportions were 
determined by weighing several teaspoonfuls of each powder and several 
quarts of the mixed dry components of the diets. We have regarded the 
sum of the dry components as eqiuvalent to the flour in ordinary bread. 
Inasmuch as the casein, yeast, salts, and agar, which were incorporated in 
our diets in order to make the food complete from the nutritive stand- 
point, reduced the proportion of flour in the mixture, it seemed fair to 
base the baking powder additions upon the weight of all ingredients ex- 
dusive of the lard and cod liver oil. On the other hand, the differences in 









158 


BAKING POWDER RESIDUES 


Vol.Jt.No.t 


the proportions of the three powders employed in Diets B, C and D, are 
due to ^fferences in the directions printed on the can labels. 

In preparing each food the dry components, including the baking powder 
if present, were thoroughly mixed by hand, the lard and cod liver oil were 
then worked in, and finally the milk and water were added. The whole 
was made into a stiff dough, rolled into thin layers, cut into squares, and 
baked in an oven for 20 min. at a temperature of approximately 230’’ C. 
The final product was a light brown, crisp material, which was devoured 
greedily by the animals. From the loss in weight of the bread during 
baking, the food consumption of the rats, and the composition of the baking 
powder, it was possible to calculate the average daily intake of the leaven- 
ing agents. These values will be discussed later. In addition to the bread, 
which was furnished ad libitum, each rat received 20 gm. of head lettuce at 
intervals of four days. 

After 220 days upon the experimental rations, certain of the females 
upon each diet were bred with males upon the same ration. Of the young 
so obtained, 16 were placed at weaning upon diets identical with those of 
their parents with the exception that the quantities of baking powders 
per unit of mixed foods were doubled. Thus the second generation animals 
were subjected to the influences of the powders from the moment of con- 
ception until the end of the experiments. At the termination of the feeding 
periods the animals of both generations were anesthetized, killed by bleed- 
ing, and the blood samples subjected to analysis for non-protein nitrogen 
according to the procedure of Folin and Wu (1919). The kidneys were re- 
moved, weighed, and preserved for histological examination. 

Seventy-two rats were employed in the investigation. In Tables II 
and III are shown for each animal the duration of the feeding period, 
the average daily intake of food and leavening agent, the final weights of 
the kidneys, and the non-protein nitrogen of the blood. As will be observed, 
the figures representing average daily food consumption of the animals 
upon the four diets are quite uniform for each sex. The values are all 
rather high, but this is to be accounted for by the fact that the food had 
a relatively low fat content and contained considerable moisture. A com- 
parison of the weights of the kidneys of the animals upon the baking powder 
diets with those upon the control ration indicates that the leavening agents 
induced no hypertrophy. Indeed, the largest kidneys for each sex were 
found among the control animals. Rat 767 cf showed slightly en- 
larged kidneys, but the non-protein nitrogen of the blood was within 
the normal range for the species (45 to 50 mgm. per 100 cc). Rat 744 9 
showed moderate hypertrophy with a very marked increase in the non- 
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Table n 

Fikst Generation or Rats 


Rat no. 
and sex. 

Diet 

no. 

Dura- 
tion of 
experi- 
ment 

Average 
daily 
food con- 
sumption 

Average daily intake of 

Final weight 
of kidneys 

N.P.N. 
of blood 


A1 

C.H,0, 





days 

gm. 

mgm. 

mgm. 

mgm. 

gm. 

gm. 

mgm. per 










100 cc. 

7S6d' 

A 

250 

15.9 




1.0 

1.1 

45.1 

763 d' 

A 

250 

16.7 




1.1 

1.2 

44.4 

767 o' 

A 

245 

16.1 




1.3 

1.4 

47.6 



Average 16.2 




1.1 

1.2 

45.7 

7289 

A 

292 

mm 




19 

19 

45.0 

7339 

A 

297 






19 

44.0 

7449 

A 

297 

13.0 




1.2 

WM 

101.4 

749 9 

A 

304 

13.9 




0.8 


44.4 

77A9 

A 

304 

12.8 




0.8 

0.8 

52.2 

7819 

A 

292 

14.5 




0.8 

0.8 

47.4 



Average 13.2 




0.7 

0.8 

46.6 

738 d* 

B 

246 


182 



1.0 

1.0 

46.4 

739d’ 

B 

250 

15.3 

186 



1.1 

1.1 

46.6 

753 cf 

B 

297 

16.2 

197 



1.1 

1.1 

43.4 

764d’ 

B 

288 

17.3 

210 



1.1 

1.1 

45.9 

772d' 

B 

248 

14.8 

180 



1.1 

mSm 

45.8 

777d< 

B 

248 

13.5 

164 



0.9 

m 

45.7 


■ 

Averag 

15.4 

187 



1.1 

1.1 

45.6 

7349 

B 

299 

12.8 

wm 



0.7 

19 

44.3 

7359 

B 

299 

12.1 




0.7 

19 

43.3 

7659 

B 

307 

13.8 

168 



0.9 

19 

46.3 


■ 

Averas 

te 12.9 

157 



0.7 

0.7 

44.6 

741 (S' 

c 

250 


38 

10.3 


1.0 

19 

45.9 

7S4d' 

c 

285 

14.5 

36 

10.0 


1.0 

19 

44.7 

758d' 

c 

250 

15.5 

39 

10.7 


1.1 

19 

43.0 

779<? 

c 

285 

15.4 

38 

10.6 


1.1 

19 

45.1 



Average 15.1 

38 

10.4 


1.1 

1.1 

44.7 
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Tabis n (Continned). FnsT Gekesation or Rais 


Rat DO. 
and sex. 

Diet 

no. 

Dura- 
tion of 
experi- 
ment 

Average 

daily 

Average daily intake of 

Final weight 
of kidneys 

N.P.N. 
of blood 

food con- 
sumption 

P.0, 

A1 


Right 

Left 



days 

gm. 

mgm. 

rngm. 

mgm. 

gm. 

gm. 

mgm. per 










100 cc. 

7279 

C 

292 

kSI 




mSm 

mSM 

45.4 

755 9 

C 

297 

mSm 




19 

m 

45.0 

7699 

C 

304 

EQ 

34 



m 

0.9 

53.3 

7719 

C 

307 

■fa 

36 



0.8 

0.8 

43.7 

7739 

C 

303 

13.7 

34 



0.7 

0.8 

44.8 


■ 

Average 13.9 

1 

35 

9.6 


0.8 

0.8 

46.4 


D 

247 

14.7 



214 

1.0 

1.0 

47.0 

731 (f 

D 

252 

15.3 



222 

1.0 

1.1 

43.5 

742<J' 

D 

285 

15.4 



224 

1.1 

1.0 

44.0 

746d' 

D 

285 

15.4 



224 

1.0 

1.0 

42.6 

7i7<f 

D 

248 

14.9 



217 

1.0 

1.1 

45.7 

748cf 

D 

285 

14.7 



214 

1.1 

1.1 

42.8 


D 

252 

15.5 



225 

1.1 

1.1 

43.8 

7S2(J> 

D 

253 

16.1 



234 

1.0 

1.1 

43.6 

7S7<f 

D 

285 

14.8 



215 

1.1 

1.2 

46.1 

759*? 

D 

288 

15.9 



231 

1.1 

1.2 

44.3 

760ci' 

D 

288 

15.6 



227 

1.1 

1.2 

45.1 

77Sd< 

D 

288 

14.8 



215 

1.1 

1.1 

45.7 

778c?' 

D 

288 

14.5 



211 

1.0 

1.1 

45.3 

783c?' 

D 

288 

14.0 



203 

1.0 

1.0 

45.5 

784c?' 

D 

248 

15.9 



231 

1.1 

1.2 

43.2 

7S6d> 

D 

288 

16.4 



238 

1.1 

1.1 

45.4 


m 

m 




222 

1.1 

1.1 

44.6 

729 9 

D 

297 

IBl 



185 

0.7 

wm 

43.4 

7369 

D 

297 




183 

0.8 

0.8 

45.5 

743 9 

D 

295 

mvWm 



185 

mam 


44.4 

7459 

D 

295 

12.4 



180 

mam 

0.7 

44.3 

7519 

D 

301 

14.0 

. 


204 

19 

0.9 

44.6 

7619 

D 

299 

13.0 



189 

iffl 

0.7 

44.0 

7629 

D 

299 

13.0 



189 

0.8 

0.8 

43.4 

7669 

D 

292 

14.6 



212 

0.8 

0.9 

45.4 

7689 

D 

307 

14.5 



211 


0.9 

51.2 

770 9 

D 

301 

13.7 



199 

0.9 

0.9 

47.8 

776 9 

D 

303 

12.5 



182 

mam 

BlrH 

44.2 

7809 

D 

299 

13.6 



1 198 

19 

0.8 

42.9 

782 9 

D 

295 

14.0 



204 

m 

0.8 

42.9 



Average 13.3 



194 

0.8 

0.8 

44.9 
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protein nitrogen of the blood. Kidneys of 50 of the rats of both sexes 
selected at random from the four groups of the first generation, but 
including all of the second generation animals, were subjected to 
microscopic examination by Professor R. H. Jaffe of the Department of 
Pathology, College of Medicine, University of Illinois. Without any infor- 
mation as to the nature of the investigations. Professor Jaffe reported that 
with the exception of Rat 744, which evidently developed spontaneous 
nephritis, no differences were to be observed between the kidneys of the 
rats which received the baking powder diets and those upon the control 
ration. It is apparent, therefore, that evidence of deleterious effects was 
not revealed either by the chemical analysis of the blood or by the hist- 
ological examinations of the kidneys. 

Table ni 

Si£OKD GENEKATION OF RaTS 


Rat no. 
and sex 

Diet 

no. 

Duration 

of 

experi- 

ment 

Average 
daily 
food con- 
sumption 

Average daily ntakeof 

Final weight 
of kidneys 

N.P.N. 
of blood 

PA 

A1 

CiHoOe 





days 

gm. 

mgm. 

mgm. 

mgm. 

gm. 

gm. 

mgm. per 










100 cc. 

999 

2B 


17.1 

416 



1.0 

1.0 

56.6 

1001 cf 

2B 

Wm 


384 



0.9 

1.0 

44.1 

10009 

2B 

72 

■n 

350 



0.9 

0.9 

50.8 

10029 

2B 

76 

14.1 

343 



0.8 

0.8 

50.1 





373 



0.9 

0.9 

50.4 


2C 

56 


78 

21.3 


WM 

19 

40.7 

■ 

2C 

56 

■^9 

79 

21.6 


mSm 

mem 

43.2 


2C 

56 

14.0 

70 

19.2 


mSm 

m 

41.9 

10049 

2C 

56 

13.9 

70 

19.1 


19 

0.8 

44.3 



Averaf 

14.8 

74 

20.3 


0.9 

0.9 

42.5 


2D 

52 

14.9 



433 

0.8 

0.8 

44.3 


2D 

52 

14.7 



427 

0.8 


42.6 


2D 

52 

14.1 



410 

0.7 

0.8 

44.3 

lOUcT 

2D 

52 

14.1 



410 

0.9 

0.9 

43.2 


2D 

52 

12.9 



375 

0.6 

0.6 

45.1 


2D 

52 

12.9 



375 

0.7 

0.8 

43.5 

10139 

2D 

52 

11.4 



332 

0.6 

0.6 

43.0 

iai59 

2D 

52 

12.4 



361 

0.6 

0.6 

44,9 



Avmi 

:e 13*4 



390 

0.7 

oo 

o 

43.9 
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The numbers in parentheses denote the initial and final weights of the rats. The broken line 
curves idiow the so-^ed '^normar* growth rate (Donaldson). 

Rats 756» 763: Diet A, devoid of baking powder, 

Hat 764: Diet B, phoiphate powder. 

Rat 758: Diet C, sodium aluminum sulfate powder. 

Rats 757, 759, 760: Diet D, tartrate powder. 
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It has seemed unnecessary, in view of the uniformity of the data, to 
reproduce the growth curves of all of the first generation animals. In 
Charts I to III inclusive are presented the individual curves of 20 rats. 
These were selected because they belonged to litters the members of which 
were widely distributed upon the four diets. Inasmuch as many of the 



Ceari II 


Rati 733,728: Diet A, devoid of baking powder. 
Rats 734.735: Diet B, plioq>bate powder. 

Rat 727: Diet C, sodium aluminum sulfate powder. 
Rats 729, 73d: Diet Diet D, tartrate powder. 
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rats were bred after 220 days, the curves are shown for this period only. 
In Charts IV and V are presented composite curves for off of the first 
generation males and females respectively. In the latter charts the lines 
connect points representing the average weights at the beginning of the 
experiments and at the expiration of 220 days. Thus the average rate of 
growth of each group is indicated by the slope of the curve. This method of 



CHAKTin 


Rats 749, 774: Diet A, devoid of baking powder. 

Rats 755, 773: Diet C, sodium aluminum sulfate powdn. 
Rats 751, 776: Diet D, tartrate powtter. 
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plotting appeared to afford the best opportunity of bringing out slight 
variations in the rates of increase in body weight. Both the individual 
and compoKte curves show quite clearly that the presence of the baking 
powders in the foods exerted no detectable influence upon the growth 
rate. All of the males (Chart I), and the females of Litters 3 and 6 (Chart 
III) grew more rapidly than the so-called “normal” of Donaldson (1924) 
for animals of the same size and sex. The females of Litter 1 (Chart n) 
increased in weight at almost exactly the rate indicated by the Donaldson 
data. The rats which received the phosphate powder (Diet B) grew 
slightly less rapidly than those of the corresponding sex upon the other 
three rations (Charts IV and V), but one would scarcely be justified in 
concluding that the differences are significant. Indeed, the growth data 
appear to afford additional proof of the fact that under the conditions of 
our experiments, neither of the baking powders exerted injurious effects. 
Similar conclusions apply to the experiments upon the second generation 
animals (Chart VI). With these, still more rapid growth was secured 
despite the presence of twice the quantities of baking powders given to 
the first generation animals. 

It should be emphasized that while the amounts of the leavening 
agents employed in Diets B, C and D conformed to the directions given 
on the baking powder containers, nevertheless the fact that the entire 
food supply contained the powders led indirectly to a very large intake. 
Thus for a 70 kilo man daily doses of the leavening agents comparable 
to those ingested by our first generation animals would amount to ap- 
proximately 42 gm. of PjOe for the phosphate powder, 8.9 gm. of PjOj 
and 2.5 gm. of Al* for the phosphate-aluminum powder, and 30 gm. of 
tartaric acid for the tartrate powder. Obviously, the results of such cal- 
culations must not be interpreted too literally, but at least they serve 
to demonstrate that the doses received by our animals were enormously 
greater in proportion to weight than could be obtained by the human 
subject in the use of baking powder breads. 

In this connection reference should be made to the recent papers of 
Schaeffer and associates (1928) dealing with the physiological influence of 
a sodium aluminum sulfate-calcium acid phosphate baking powder. These 
authors list a formidable array of pathological findings which they attrib- 
ute to the ingestion of the leavening agent. Among the alleged effects 
are retardation of gastric evacuation, intestinal ulceration, diarrhoea, in- 

^ The laxgttt dose of Aluminum employed by the Referee Board was 1000 mg. per day, equiva- 
lent to iq>pioaimately 10 level teaspoonfuls oi baking powder. The Board points out that such 
an intake could occur only if one subsisted almost entirely upon baking powder bread. 
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hibition in growth and atrophy of the female genital organs. As subjects 
for the experiments the authors employed chickens, dogs, rats and mice. 
They state that the diets were toxic for rats only when the latter had 
initial weights less than 90 gms. Heavier rats were resistant to the baking 
powder residues. It should be pointed out that all of our animals weighed 
less than 90 gm., and most of them less than 65 gm. when placed upon the 
baking powder diets. Probably the differences in findings in the two series 
of experiments are to be accounted for in part by the excessive amounts 
of ba^g powder employed by Schaeffer. Thus Diet Aj (Schaeffer, et d., 







Not., 1929 


ROSE AND CATHERWOOD 


167 


1928, pp. 53 and 60) which was used for the rat growth studies, was 
prepared by mixing 207 gm. of baking powder with 1385 gm. of the other 
dry materials. Such a mixture scarcely would be expected to promote 
normal growth. Possibly even a necessary inorganic dietary component 
like sodium chloride might inhibit growth if included in the ration at a IS 
per cent level. However, despite the excessive proportions of baking 
powder in Schaeffer’s diet, the rats receiving it succeeded in gaining 



although at somewhat slower rates than the control animals. Under the 
circumstances the results would appear to emphasize the non-toxk nature 
of the leavening agent. It is to be noted also that in Schaeffer’s control 
diet (Diet Lj) bone meal replaced the baking powder of the experimental 
ration. The better growth which resulted suggests the possibility that the 
bone meal may have exerted a supplementing action. In any event the 
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OBAItT n. 
Orowtii of tcoond 
BonotatloQ ratt. 


999tf (73)' 


I 10009 (66) 


1001<f (56 


-10039 (69) 


1005«f (67) < 


-1006<f (68)/ 

I I 

lOOW (59)' 

lom ( 63 ) ^ 

I i 

lOlStf (57)' 
' i 

1014^ (59)' 


40 dy8r» 


10049 (61) 


10099 (57) 


10109 (56) 


10139 (48) 


Chart VI 

These animab received diets (designated in Table m as 2B, 2C, and 2D) containing double 
doses of the baking powders. 

Rats 999, 1001, 1000, 1002: Diet 2B, phosphate baking powder. 

Rats 1005, 1006, 1003, 1004: Diet 2C, sodium aluminum sulfate powder. 
Rats 1008, 1011, 1012, 1014, 1009, 1010, 1013, 1015: Diet 2D, tartrate 
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use of the meal introduced a variable other than the omission of the 
aluminum salt.* In not a single one of our experiments was there evidence 
of any of the abnormalities reported by Schaeffer. Our rats remained 
vigorous throughout the experiment, and at no time showed signs of ali- 
mentary disturbances. Nor were pathological alterations revealed at 
autopsy. We are convinced, therefore, that under the conditions employed 
by us the baking powders exerted no detectable deleterious action. 

SUHMAKY 

Growth experiments extending through two generations of rats have 
been conducted to determine whether baking powders exert deleterious 
effects. The results indicate that in the proportions ordinarily employed 
in the preparation of bread, and with twice these amounts, three typical 
baking powders in which the leavening agents are calcium acid phosphate, 
a tartrate, and a mixture of calcium acid phosphate and anhydrous sodium 
aluminum sulfate respectively, exert no detectable toxic or injurious action. 
The animals receiving the powders grew as rapidly and reproduced as 
satisfactorily as control rats upon a similar diet without baking powder. 
Analyses of the blood and histological examinations of the kidneys like* 
wise failed to reveal evidence of injury. 
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T he early investigators of experimental scurvy used simple diets 
containing raw materials, whereas later investigators, in an attempt 
to make tlieir diets conform to the prevailing views of nutrition, modified 
their dietary standards with the consequent introduction of laborious, 
if not actually inadvisable, procedures. Owing to the necessity for the 
preparation of large quantities of a scurvy-producing diet, we have in- 
vestigated this problem with the object of introducing a labor saving and 
tested standard procedure. 

This paper relates largely to the use of a diet containing rolled oats 
and bran with butter fat and salts. This subject was studied, first, be- 
cause it appeared that oats or bran or both had been practically universally 
used ever since the beginning of scurvy investigations; second, because 
these materials seemed to be of much better feeding quality than is usually 
ascribed to them; and third, because they are readily obtained and make 
up into a diet which is very easy to handle. 

Although the principles underlying the necessity of a diet free from 
vitamin C but adequate in other respects are known to all, it should be 
noted that no one has yet shown any diet to be free from vitamin C. 
Moreover, little or no attention has been given to the quality of subject 
animals, with the result that the negative control tests, as used at present, 
could be presumed to throw light on the quality of animals rather than 
on the quality of the diet, but certainly not on both simultaneously. 
It is obvious, therefore, that until it is established how long certain 
standard animals should live on a diet proven to be free from vitamin C, 
investigators will ccmtinue to reason in circles. 

Osborne and Mendel (1) showed that 10 per cent whole oat protein in 

* Contributtoa fiom the Utaudl Fdlowahip. 
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the diet produced normal growth in rats, whereas the effect of 8 per cent 
was questionable. Smith and Hendricks (2) showed that rats grew at about 
one-third the normal rate over a course of 14 weeks when fed a diet con- 
taining 92.5 per cent of rolled oats, and concluded that the deficiency 
was due to a lack of the anti-pellagric fraction of the multiple vitamin 
B. Rolled oats contain about 16 per cent crude protein, very little material 
except the hull being removed in milling. 

Osborne and Mendel (3) fed rats on bran at a 9 per cent crude protein 
level. Only one of four rats ate enough to grow well. Twenty per cent of 
the ingested nitrogen appeared in the feces instead of the more usual 
10 per cent. At a 10 per cent crude protein level, growth of rats was ex- 
ceedingly good for Murphy and Jones (4) during the first 100 days. The 
slight relative deficiency appearing later was made good with 5 per cent 
of patent flour. Jones and Gersdorf (5) found that bran is liberally sup- 
plied with all of the so-called essential amino acids. Bell and Mendel (6) 
found that 20 per cent of bran in the diet contained sufficient vitamin B 
complex to produce normal growth in mice, whereas 10 per cent was 
insufficient. Bran contains about the same amount of crude protein as 
rolled oats. 

Hess (7) states that wheat germ possesses some antiscorbutic value. 
Jones and Gersdorf (5) found no evidence of germ in their sample of bran 
but estimated, on the basis of starch content, a possible 0.5 per cent. 

Chick and Delf (8) used a diet of oats and bran and obtained good 
growth in guinea pigs fed with 30 grams of cabbage daily. 

These references point to the good feeding qualities of oats and bran. 
Possibly, according to more modem standards, they may not be suitable 
for testing the optimum ability of animals to grow, but it would certainly 
be expected that gxiinea pigs should do very well indeed on a mixed diet 
containing the two, if supplemented with butter fat salts, and vitamin C. 

Preliminary Preparation op Animals 

Owing to the difficulty of obtaining commercially large numbers of 
experimental animals, which were known to have had substantially the 
same treatment, and which could be presumed to be standard in any 
degree, it was deemed advisable to subject them to a preliminary treat- 
ment. They were observed for three weeks prior to the experiment. In- 
dividual growth and food consumption records iwere kept. Measured 
amounts of strained juice of canned tomatoes and fresh spinach were 
fed. The tomato juice doses were graduated upward from the seomd day 
and stopped three days before the animal was used in a scurvy aq>eri- 
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ment. Twenty-five cc. of tomato juice were fed the second, third, and 
fourth days, 50 cc. on each of the next six days, and 75 cc. on the following 
five to eight days. No tomato juice was fed the first day or the last three 
days. Fifteen gm. of fresh spinach were fed each day. 

In this way, by feeding an excessive amount of vitamin-C bearing mat- 
erial, it was possible for the animal to have a chance to retain considerable 
vitamin C and at the same time to reduce any deficiency, not apparent 
on purchasing, which might have occurred during the first few weeks of 
its life. Thus, by granting the same ability or lack of ability in each animal 
to store vitamin C, we have at the beginning of each experiment a set 
of animals reasonably standard as to freedom from and resistance against 
scurvy. 

Table I 

Experimental Diets Percentage op Ingredients 


Diet 

OBi 

OBj 

OB, 

YOB 

1/2YOB 

OBG, 

OBG 2 Kenny* 

Rolled oats 

60.89 

52.48 

40.00 

24.62 

42.70 

56.37 

42.38 

39 

Bran 

31.39 

26.73 

20.00 

12.31 

21.23 

28.88 

21.68 

20 

Butter fat 

4.95 

4.95 

5.00 

9.85 

7.40 

4.92 

4.92 

10 

NaCl 

.99 

.99 

1.00 

.99 

.98 

.99 

.99 

1.0 

NaH,P04,H20 

.49 

.84 

1.65 


.25 

.54 

1.47 


CaCOi 

1.49 

16.34 

1.60 

2.95 

2.22 

1.33 

1.47 

— 

Brewer’s yeast 

— 

— 

— 

49.26 

24.69 

— 

— 

— • 

Com starch 

— 

12.38 

30.75 

— 

— 

— 

21.88 

— 

Calf skin gelatin 

— 


— 

— 

— 

.69 

.52 

— 

Skim milk powder 

— 

— 

— 

— 

— 



30 

Crude protein 

14.7 

12.4 

9.5 

32.5 

22.7 

20.8 

14.8 

20.9 

Ca/P Ratio** 

.14/. 16 

.14/.16 

.14/.16 

,26/.28 

.20/.22 

.14/.16 

.14/.16 

.14/.T6 


• This diet is described by Kenny (9). 

** Ratios are given in approximate amounts (gm.) of calcium and phosphoras in 20 gm. of food, 
which is a maximum daily ration. 


The preliminary period of three weeks served another purpose in per- 
mitting us to weed out many of those animals which had incipient or latent 
disease. We rejected animals which did not show normal appetites and 
consistent growth and subjected them to a thorough post-mortem exami- 
nation. Chronic pulmonary disease or some other pathologic condition 
was usually found. Only experiments on male animals are reported. 

The Diets 

The composition of the diets is given in Table I. The purposes of these 
diets are obvious, namely, to study the effect of reduction of protein in the 
OBi diet, which contained the maximum amount of crude protein possible 
when using only oats and bran, as well as its possible supplementation 
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by other protein. In addition, the OBi diet listed in the first column of the 
table was modified and fed in a liquid or mushy state (Diet LOB) containing 
20 per cent of solids and 80 per cent of tap water, or (Diet LOBTJ) con- 
tmning 20 per cent of solids, 65 per cent of tap water, and 15 per cent of 
filtered juice of canned tomatoes. These two modifications were used to 
test the effect of cooking in the presence of alkali. 

The LOB diet was prepared by minng the oats, bran, and water in a 
large flask. Sufi&dent sodium hydroxide was added as N/2 solution to 
form the necessary amount of sodium chloride for the diet on later neutral- 
ization with hydrochloric add. This mixture was placed in an oven held 
at 95° C for 2 hours, on each of three consecutive days, without causing 
gelatinization of starch to such an extent as to prevent ease of shaking 
and mixing, the flask being stoppered with a cotton plug. Between heatings 
the material was kept in a refrigerator to prevent spoiling. After the third 
heating suflSident standard hydrochloric add was added to neutralize the 
sodium hydroxide present. The caldum carbonate and monosodium phos- 
phate were also added at this point. The mixture was then cooked at the 
temperature of boiling water for one hour to gelatinize the starch, the 
melted butter-fat was added, and the diet was thoroughly mixed. 
This diet was fed in a negative control experiment, supplemented by 
brewer’s yeast, and in a positive control experiment supplemented by 
yeast and 15 cc. of tomato juice daily. The yeast was fed by pipette as 
a suspension in water, 400 mg. being given daily for the first 17 days of 
the negative control experiment. The tomato juice was the filtered juice 
of canned tomatoes and was fed by pipette throughout the positive 
control experiment. 

The LOBTJ diet was prepared exactly as the LOB diet except that 15 cc. 
of filtered tomato juice were used to replace a like amount of water per 
100 gm. of final diet prepared. The tomato juice was added to the first 
mixture before any heating was done. This diet was used in a negative 
control experiment supplemented by yeast, as mentioned above, to ascer- 
tam whether the method of cooking caused destruction of vitamin C when 
the latter was known to have been present. 

Results of Feeding Tests 

Two sets of data were obtained, namely, those dealing with the sufficien- 
cy of these diets when fed with 15 cc, of filtered juice of canned tomatoes 
daily ^xjsitive controls) and when no tomato juice was fed (negative 
controls). 
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TabuII 

PosmvE CoKTKOts ON Vaxious Diets 

Animal 

No. 

Entering 

weight 

Final Total Total food Gain per Gain per 

weight gain Duration eaten gm. food gm.protein 

Gain per 
day 

Male 

gm. 

gm. gm. days gm. gm. gm. 

gm. 

OB| Diet— 14.7 per cent Crude Protein* 


620 

768 

770 

771 

779 

275 

235 

225 

300 

211 

496 

357 

405 

424 

332 

221 

122 

180 

124 

121 

85 

50 

60 

51 

60 

1709 

740 

1118 

921 

815 

.129 

.165 

.161 

.135 

.148 

.880 

1.12 

1.09 

.934 

1.00 

2.6 

2.4 

3.0 

2.4 

2.0 

Average 

249 

403 

154 

61.4 

1061 

.148 

1.01 

2.5 

OBj Diet — 12.4 per cent Crude Protein* 

763 

236 

363 

127 

48 

910 

.139 

1.12 

2.6 

767 

252 

468 

216 

60 

1212 

.179 

1.44 

3.6 

769 

259 

376 

117 

60 

999 

.117 

.94 


776 

249 

363 

114 

51 

861 

.132 

1.07 

2.2 

Average 

249 

392.5 

144 

55 

995 

.142 

1.14 

2.6 

0B| Diet— 9.5 per cent Crude Protein* 

803** 

244 

325 

81 

41 

721 

.112 

1.18 

2.0 

YOB Diet — ^32.5 per cent Crude Protein* 

616t 

320 

603 

283 

90 

2214 

.127 

.393 

3.1 



One-Half YOB Diet— 

"22.7 per cent Crude Protein* 



618t 

248 

559 

311 

90 

1787 

.174 

.767 

3,5 



OBGi Diet— 20.8 

per cent Crude Protein* 



765** 

221 

0*t0 

127 

51 

818 

.155 

.746 

2.5 

OBGs Diet — 14.8 per cent Crude Protein* 

764 

267 

444 

177 

60 

1128 

.157 

1.06 


773 

274 

406 

132 

60 

1036 

.127 

.86 

2.2 

77S 

250 

410 

160 

50 

915 

.175 

1.18 

3.2 

Average 

264 

420 

156 

56.7 

1026 

.152 

1.03 

2.7 

Milk Powdei^RoUcd Oats— Bran Diet— 20.9 per cent Crude ProteinJ 

Average of 









11 animals 

329 

626 

297 

102 

2131 

.138 

.66 

2.9 


Notes to table on next page. 
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The poative control experiments with the OBi and OB* ** diets, containing 
14.7 and 12.4 per cent of crude protein respectively, show that these diets 
are capable of producing good growth in the guinea pig. For comparison 
a summary is given of data obtained from the feeding of a diet of rolled 
oats, bran, and skim milk powder containing 20.9 per cent of crude pro- 
tein, as well as from two experiments in which yeast furnished large amounts 
of protein. One experiment with 9.5 per cent of crude protein obtained 
from rolled oats and bran indicates the possibility of even this concentration 
being adequate. A higher concentration of protein than can be attained 
by using rolled oats and bran, may be expedient if one wishes to use as 
subjects in scurvy experiments animals whose growth capacity is being 
stimulated to a maximum or which have imquestionably had the best 
opportunity to grow. While it would seem possible for it to be only a 
matter of experimenter’s choice, we propose, nevertheless, to consider the 
advisability of this supplementation in another paper. 

The two experiments with dried brewer’s yeast indicate that guinea pigs 
can do well on as much as 12 to 25 times the amount of yeast which would 
be supposed to furnish the optimum amount of vitamin B for a rat. Yeast, 
however, is not an advantageous source of protein for guinea pigs on account 
of their objection to its taste when used in the greater concentrations. 

The experiments with gelatin as a supplement were inconclusive. Rather 
than attempt to work further on this intricate and involved point, we have 
decided to avoid this laborious task and to direct our attention in the 
future to protein-bearing material which when taken alone is known to 
be entirely adequate for nutrition. 

Our experiments, like all experiments which are performed on guinea 
pigs, throw no final light on the question of vitamins other than the anti- 
scorbutic factor, since these principles are furnished simultaneously with 
vitamin C in green food, etc. We have but one course of action at present 
and that is to furnish all factors except vitamin C in apparent super- 
abundance. 

The results of negative control experim^ts are given in Tables III 
and IV. One important result from these experiments is not indicated 

* 15 cc. of tomato juice per day canied 0.1 gm. of crude protein (0.11% N). 

** Only (me eaperiment each on OB| and OBGi diets is rqmrted as the other animals started 
had to be discontinued on account of resi»ratoty disease. It became evident as the experiment 
progressed that their rqrlaceinent would not midce any essential addition to the thane ci this 
paper. 

t Only one o^reriment in each groiqt is rqmrted on account of inaldlity to get entmuk to 
consume the yeast diets. 

t Vitamin C fumidied by 15 gm. of fresh qdnach daihr. 
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directly in the table; namely, that these tests are absolutely unreliable 
unless performed on animals in the best of health and condition. It is 
possible to be deceived, since weakling, under-vitaminized and diseased 
animals, when fed diets which according to our modem criteria contam 
traces of vitamin C, will die in the interval set for healthy animals fed 
diets believed to be free or practically free of vitamin C. Every investi- 
gator finds himself in this dilemma, especially when using commercial 
animals. Since this is the case, it is obvious that the negative control test 

Tabix in 

Negative Controls on Various Diets 

Animal Preliminary Entering Beginning 

Maximum Final 

Lived 


No. ] 

period weight 

Experimen- 

weight* weight less than 

Remarks 




tal weight 




Male 

days 

gm. 

gm. 

gm. gm. 

da3rs 


OBi Diet— Small Animals 

615 

17 

264 

304 

342(16) 210 

27 


619 

17 

237 

278 

346(15) 175 

33 


621 

17 

249 

294 

368(18) 184 

29.5 


622 

17 

236 

324 

354(18) 188 

32.5 

— Small patch of atelec- 

624 

17 

262 

338 

353(16) 175 

28.5 

tasis in both apices 

625 

17 

242 

314 

327(10) 205 

28.5 


628 

17 

245 

291 

355(13) 175 

28.5 


627 

17 

247 

270 

369(14) 192 

29 

— Small patch of atelec- 

629 

17 

230 

228 

298(12) 175 

26 

tasis 

Average 


246 

293 

346 187 

29.2 ±2.0—40% loss from begin- 







ning experimental 







weight. 




OBi Diet 

—Large Animals 



602 

22 

326 

490 

514(18) 275 

34 


605 

22 

330 

426 

436(11) 218 

28.5 


607 

22 

355 

465 

495(14) 274 

29 


608 

22 

384 

458 

471(14) 239 

31 


609 

19 

341 

442 

448(13} 212 

28 


610 

19 

342 

432 

466(18) 245 

30 


611 ¥ 

19 

353 

402 

433(14) 240 

30.5 


612 ’Vs 

19 

360 

462 

456(15) 244 

32.5 

—Small patch of atelec- 

613 ^ 

19 

330 

462 

471(15) 238 

30 

tasis 

614 ' 

19 

342 

400 

415(14) 213 

29 


Average 


346 

444 

460 240 

30.2 ±1.8— 45% loss in begiiming 







experimental weight. 


* Numbers in parentheris refer to dajr of obtaining manmum weight 
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does not serve two purposes simultaneously, luunely, that of a test of 
quality of animals and that of quality of fee^g materials. 

Hie proper future and practical application of this test will undoubtedly 
take cognizance of rigid minimum as well as maximum survival times. 
Finding the absolute definition of a diet free from vitamin C, it would be 
expedient to select those raw materials which as purchased are likely to 
be most free from this vitamin, or, in the conventional terms of the day, 
are free from detectable amounts of it. 

Two sets of animals were used on the negative control experiment or 

Table IV 

Neoahve Conixols ok Vabious Diets 


Animal Preliminaiy Entering Beginning Maximum Final Lived 


No. 

period 

weight 

experimen- 

> weight* 

weight less than Remarks 




tal weight 





Male 

days 

gm. 

gm. 

gm. 

gm. 

days 


LOBi Diet, Cooked in Alkali 

737 

21 

275 

376 

416(11} 

218 

31 

400 mg. of yeast daily for 

745 

21 

285 

371 

413(6) 

237 

22.5 

first 17 days of the cxperi- 

740 

21 

286 

378 

416(14) 

255 

27 

ment by pipette. 

743 

21 

283 

377 

430(16) 

236 

30 


Average 


282 

375 

418 

236 

27.6 

Average loss in beginning 
experimental weight 27 
percent. 

Full and One-Half Yeast Dieto (YOB and 1/2 YOB) 

604 

22 

326 

366 

356(18) 

242 

29 

Appetite fair to good. 
YOB diet. 

599 

22 

308 

327 

350(21) 

161 

30 

Refused YOB. Fed 1/2 
YOB. beginning 4th day. 

626 

17 

248 

302 

374(18) 

180 

31.5 

1/2 YOB diet. 

Average 


294 

332 

360 

194 

30.2 

Average loss in experi- 
mental weight 48 per cent. 

Gelatin (OBGO Diet 

643 

22 

278 

371 

383(7) 

192 

26 

Six other rejected animals 

669 

22 

285 

370 

406(16) 

200 

32 

showing chronic lung dis- 

670 

22 

280 

334 

352(14) 

199 

27 

ease lived on an average 
of 27.75 days. 

Avotage 


281 

358 

380 

197 

28.3 

Average loss in experi- 
mental weight 45 per ceat 


Numben in paientherii refer to dajr of obtaining maadmiun wei^t. 
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the OBi diet. The larger animals, weighing 400-500 gm., showed a sur- 
vival time of 28 to 34 days with a mean of 30.2 days and a standard devia- 
tion (10) of ±1.8 days. The smaller animals, weighing 250-350 gm., 
showed a survival time of 26 to 33 days with a mean survival time of 
29.2 days and a standard deviation of ±2.0 days. 

We cannot say but that the survival times might ordinarily be slightly 
shorter by a day or so than we have found, if cumulation is shown to be 
a factor. It is improbable that experimenters would obtain animals which 
had had an opportunity to acquire vitamin equal to that of animals herein 
referred to, although it is still possible that cumulation may not be a factor. 

The series of experiments with the LOBi diet cooked in alkaline solution 
was not a complete success on account of the rejection of many animals 
having lung disease, which escaped diagnosis in our preliminary scrutiniz- 
ing examination. Only four unrejectable experiments were obtained. One 
of these is apparently of rather short duration and points to the absolute 
necessity for more numerous data. If this experiment be omitted, the 
average duration of life of the other three is 29.3 days, almost a perfect 
check with the animals of the same size on the uncooked OBi diet. Many 
of the rejected experiments were of a satisfactory duration but others 
were not, so we have followed the procedure of reporting no experiments 
on an i mals with certain lung disease. The several experiments without 
yeast for controlling the destruction of the antineuritic vitamin, those for 
controlling the effect of alkali on the protein, as well as those designed to 
show that the method was susceptible of destroying added vitamin C, 
are not reported. The results were satisfactory enough, on the whole, to 
indicate that the test was fair and that there was at least no appreciable 
vitamin C in our rolled oats and bran. A similar series of tests will be nm 
again later on the rolled oats-bran diet, supplemented with other protein. 

The three negative control experiments with yeast are in agreement 
with the supposition of Cohen and Mendel (11) as well as with Hess (7) 
that our sample of yeast contained no detectable amounts of vitamin C. 
Yeast^has also been used in scurvy diets by Parsons and Reynolds (12) and 
by[Bertha Clow* with apparent success. We fed 12 to 25 times the amount 
that ordinarily might be used for furnishing vitamin B to a rat, and we 
believe that a few experiments of this type are much more conclusive for 
showing up traces of vitamin C than more numerous ones in which only 
the^^amount of yeast to be used regularly is administered. 

Gelatin, which from its method of manufacture by the lime water pro- 


* PmioimJ commnnirttkm to the >uthor». 
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cess, would not be ei^ted to contain vitamin C, was found not to contain 
detectable traces of this factor. 


SmoiARY 

A diet containing 14.7 per cent of crude protem, obtained from rolled 
oats and bran in the ratio of 2 : 1, butter fat and salts, has been described. 
This is about the maximum amount of dietary protein possible to obtain 
by using these raw materials. It would appear that this diet is perfectly 
satisfactory for the nutrition of guinea pigs, and that it contains consider- 
ably more than a minimum of the known essential amino adds. The 
survival time on this diet alone of guinea pigs standardized by previous 
preliminary feeding of large amounts of vitamin C, has been found to be 
28 to 34 days (average 30.2 ± 1.8) for animals weighing 400-500 gm., and 
26 to 33 days (average 29.2 ±2.0) for animals weighing 250-350 gm. 

Some data obtained with this diet, when it was cooked in alkaline solu- 
tion previous to feeding, indicate that it contains no detectable amount 
of vitamin C. It appears not improbable that it contains absolutely none. 

A few preliminary experiments with dried brewer’s yeast in large con- 
centrations indicate that it is possible to use this material as a bearer of 
vitamin B in scurvy diets without fear of adversely affecting the guinea 
pigs or without the introduction of detectable amounts of vitamin C. 
We would not recommend it in large concentrations as a protein supple- 
ment on account of the taste. 

The diet of oats and bran would appear to be eminently suited for ani- 
mals placed in acute qualitative tests of materials which contain only 
traces of, or no, vitamin C. It would probably serve for the longer 90 day 
tests except that, for the present, expediency rather than demonstrable 
necessity would dictate that we supplement it with both protein and vita- 
men B complex. In view of the difficulty and uncertainty of obtaining 
final convincing evidence that would entirely sufiice, it will be better in 
the future to direct attention to such supplementation. 

Attention has been called to the unreliability of the negative control 
test and the possible fallacies in the results therefrom. It would be well 
for the investigator, if he is inclined even by tadt implication to insist on 
a diet free of vitamin C, to avoid the dilemma of being unable to prove 
from his tests whether the diet or the animals he is using are satisfactory. 
It is possible that at an early date this test may revert to its proper status, 
namely, one of animal rather than dietary controL Even though it is logi- 
cally to be presumed that all commercial rolled oats, bran, and dried brewerh 
yeast are free of disturbing amoimts of vitamin C, we would nevertfadess 
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recommend a test of such materials before using as well as the preparation 
of the diets from large uniform batches of raw materials. 
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B ERI BERI, scurvy, and rickets were each recognized as a dehnite 
disease characterized in each case by well known S 5 rmptoms and patho- 
logical lesions, long before the corresponding vitamins, vitamins B, C, and 
D , were discovered. The discovery of these vitamins served merely to dear 
up the etiology of these well known diseases. Very little information con- 
cerning the symptoms and pathology of these diseases has been added since 
it was discovered that they resulted from the lack of these vitamins. 

This is not the case, however, with vitamin A. This vitamin was dis- 
covered as a result of the study of an eye disorder which was found to 
develop in experimental rats on a somewhat restricted diet. Aside from 
this eye trouble which occurred in experimental rats, no definite disease 
was known for which this vitamin could be considered as the etiological 
factor. For this reason it has been necessary to study the tissue changes 
which result when vitamin A is lacking in the diet. A number of investi- 
gators have reported the results of their studies of this subject.^ The 
most extensive of these studies have been reported by Mori (1922) and 
Wolbach and Howe (1925). 

The outstanding pathological change reported by these workers seems 
to be a keratinization of the epithelium throughout the body. This change 
in the epithelium lowers the resistance to bacterial infection, which results 
in secondary lesions. As a general rule in the last stages of avitaminosis A 
these secondary lesions, resulting from infection, overshadow the primary 
changes brought about as a direct result of the lack of the vitamin. In 
the rat the eye and surrounding tissues are almost always involved. 

In no case, so far as we are aware, has anyone reported the finding of 
pathological changes in the nervous system accompanying avitaminosis 
A. Wolbach and Howe (1925) have the following to say concerning the 
of the lack of this vitamin on the nervous system in the rat. 
“The Nervous System— As the rats exhibited no symptoms pointing 
to nervous system lesions, the peripheral nerves were not studied. No les- 

• Conttfimdon No. 144. 

• A good revitw this worit out bo found in “The Newer Knowledge of Nutritiwi” (ttuid 
edition} by McCoUum and Siinmonde. 
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ions were found in the brain, cerebellum and sympathetic ganj^a. The 
gan^on cdls of the myenteric plexus were normal t^enever found.” 

While it is true that tats show no striking nervous symptoms accompany- 
ing avitaminosis A, it is not uncommon for those in the advanced stage of 
the disorder to show a distinct incoordination which suggests an involve- 
ment of the nervous s 5 ^tem. This incoordination is very slight, however, 
in the case of rats. With swine, we have found the incoordination to be 
the outstanding symptom of avitaminosis A, while the eye lesions, which 
are so prominent in the rat, are of little importance. 

In our studies (1928) of the importance of vitamin A for swine, six 
lots, including twenty-seven individuals, have been fed a ration which is 
deficient in vitamin A. This ration consisted of white com, tankage, and 
bone ash. Complications from rickets were avoided by allowing the pigs 
an outside yard where they received an abundance of direct sunshine. The 
pigs were placed on this vitamin A-deficient diet at weaning time and were 
continued on the diet until they died, or until they reached such an ad- 
vanced stage of the disorder that they would have died in a few days, 
when they were killed for post-mortem examination. As it was thought 
that the pigs would develop eye lesions similar to those which characterize 
avitaminosis A in rats and chickens, careful watch was kept of their eyes. 
While there was more or less watering of the eyes, there were no cases of 
severe conjunctivitis, and in no case did there seem to be an involvement 
of the tissue around the eye. In one case a small comeal ulcer developed. 
Without exception these pigs developed a marked nervous disorder, in 
from six to ten months, characterized by blindness, incoordination and 
spasms (Figure 1). 

Hart, Miller, and McCollum (1916) observed similar symptoms and 
nerve degeneration in pigs, in their studies on the nutritive deficiencies of 
wheat and grain mixtures. Since their work was done before there was a 
clear understanding of the cause of deficiency diseases, they attributed the 
pathological condition to some toxic principle in the wheat rather than to 
a deficiency in the diet. The beneficial action of alfalfa in preventing these 
symptoms was ascribed to the arnotmt of fat-soluble A and minerals which 
it contained. These substances in some way offset the toxic action of the 
wheat. 

That this nervous condition in our experiment resulted from a lack of 
vitamin A was shown by the fact that it could be prevented or relieved 
by incorporating in the feed an adequate supply of substances known to 
be good sources of this vitamin, su^ as cod liver oil, butterfat, yellow 
com, and alfalfa leaf meal. 
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As these symptoms indicated an involvement of the nervous system, 
histological examinations were made of the tissue. The tissue, after being 
fixed by Mueller’s fluid, was stained with osmic acid, employing the Marchi 
method. Definite degeneration of the nerve bundles was found in the 
optic thalamus, optic, femoral, and sciatic nerves, and certain parts of the 
spinal cord. Nerves from normal hogs were examined by the same method 
using the same solution and in no case did they show suspicious staining 
characteristics. The accompanying micro-photographs illustrate the type of 



Figure 1. — Pigs in an advanced state of avitaminosis A, a condition characterized by extreme 
incoordination and spasms. 

degeneration found in the nervous tissue (Figure 2). These histological 
findings, together with the clinical symptoms, show quite clearly that 
the lack of vitamin A results in the degeneration of the nervous system 
in the case of swine. 

Other animals show similar marked nervous symptoms in the advanced 
stages of avitaminosis A. In studying the importance of vitamins in the 
ration of dairy cattle, we have fed three mature cows on a feed deficient 
in vitamin A^. While these cows did not develop spasms like the 
pigs on a similar feed, they did show marked stiffness and incoordination. 

Young chicks resemble pigs in the severity of the nerve disorder accom- 
panying avitaminosis A. In one group of five hundred day-old chicks placed 
on a vitamin A-free feed, more than ninety per cent developed symptoms 
showing severe nerve degeneration’. One not familiar with the fact that 

* Unpublished data. 

* Unpublished data. 
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lack of vitamin A causes nervous symptoms in chicks, might mistake the 
condition for polyneuritis resulting from the lack of vitamin B (Crack- 
shank, Hart, and Halpin, 1928). Histological exammation is now being 
made on the nervous system of these chickens to see whether or not they 
show the same type of nerve degeneration found in pigs. 



Figure 2. — Micro-photograph of cross section of spinal cord. Right hand figure, from 
normal cord. Left hand from cord of pigs in advanced stages of avitaminosis A. Blackened areas 
indicate degeneration. 

Conclusions 

The lack of vitamin A in the diet of pigs, chickens, and cows, results in 
marked nervous symptoms characterized by impaired vision, incoordina- 
tion and spasms. 

Histological examination of the nerves of pigs in the advanced stage of 
avitaminosis A, shows degeneration of some of the nerve bundles. This 
degeneration was observed in portions of the spinal cord, optic, sciatic, 
and femoral nerves. 
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Received for Publication— July 3, 1929 

D oes the presence of fiber in varying amounts in the ordinary diet 
affect the utilization of the nutrients? This question presented itself 
to the authors of this article when comparison was made of the results of 
two balance experiments with human subjects (1, 2) done in the Nutrition 
Laboratory of the University of Chicago. The two junior authors (A. W. 
and J. W.) each served as a subject in her own experiment, and one of 
them (J. W.) was a subject also in the other’s study. The experimental 
diets, planned to meet present day criteria of adequacy, contained liberal, 
though not unusually large, amounts of fiber. The coefficient of digesti- 
bility of nitrogen in these two studies was found to be distinctly and con- 
sistently lower than the accepted average figure for mixed diets, (85 to 87 
in one case and 88 to 89 in the other vs. the usual 92), while the coefficient 
of digestibility for fat, as determined in one of the Chicago experiments, 
even exceeded the accepted average figure (97.4 to 98.2 w. the accepted 
95). Also, of the two Chicago diets the one with the higher fiber gave the 
lower figure for the nitrogen. 

The influence of fiber on the utilization of nutrients may have signifi- 
cance in problems of animal feeding as well as in human nutrition. 

Previous Work 

The extensive literature, which has accumulated on the subject of the 
digestibility of foods, contains comparatively little comment upon the in- 
fluence of fiber on the utilization of the nutrients. But fiber has usually 
been included in experimental diets whether they were very simple, as in 
earlier days, or more complex, as in recent times. 

In the numerous and valuable studies of the digestibility of particular 
foods made in the U. S. Department of Agriculture, the diets were deliber- 
ately kept very simple in order that the effect of the specific food might be 
apparent. For example, one may mention the studies of Woods and Merrill 

* Now on the staff of the Division of Rural Home Research in Texas Agricultural Experiment 
Station. 

** Now on the staff of the Department of Household Science, University of Toronto. 

187 



188 


INFLUENCE OF FIBER IN BUM AN DIETS Vol.Il^No.Z 


(3) with bread in 1900; Doane (4) with cheese in 1911; Langworthy and 
Holmes (5, 6, 7, 8) with certain animal fats in 1915, with grain sorghums 
and with very young ve%l in 1916, with certain vegetable fats in 1917; 
Holmes (9, 10) with some nut oils in 1918, and with wheat bran 1919; 
Langworthy and Deuel (11) with raw com, potato, and wheat starches in 
1920. The simplicity of food combinations used in the government studies 
served as a pattern for other investigators. 

More recently the tendency in digestibility and balance experiments has 
been to employ a greater assortment of food materials. Typically varied 
experimental diets are those used by the authors of this report, by Rose 
and McLeod (12, 13) in their study of the digestibility of raw egg white, 
and by McLaughlin (14), in her comparison of spinach with milk as a 
source of calcium. 

University or Chicago Studies — Expermentai. Diets 

The make-up of the diets in the University of Chicago studies, in the 
matter of the distribution of nitrogen and calories, and with respect to 
details of similarity and difference between the two diets, is shown in 
Table I. 

The whole milk powder in J. W.’s diet was diluted so as to be the equiv- 
alent of cow’s whole milk. In period 1 for A. W.’s diet, the milk was fresh 
pasteurized whole milk; in period 2, evaporated milk diluted to be the 
equivalent of cow’s whole milk. 

Calories provided by J. W.’s diet were approximately 2300 per day and 
1945 in A. W.’s meals. Fuel values in J. W.’s were calculated from the 
percentage compositions foimd by analyses, and the calorific factors, pro- 
tein 4.35, fat 9.45, carbohydrate 4.1, were not reduced for loss in digestion, 
since coefficients of digestibility were determined in this study. Fuel 
value for A. W.’s diet was calculated from figures in Sherman’s tables (15). 

The daily intake of the two subjects on A. W.’s diet varied only in that 
J. W. ate 100 grams of lettuce and 300 grams of peaches, while A. W. had 
but 30 grams of lettuce and 240 grams of peaches. 

Exferhiental Procedure 

Each experimental period covered six days. Excq)t for water and salt, 
all food portions eaten during each period were carefully weighed on a trip 
scales, and the food was consumed as nearly quantitatively as possible. 

Samples of the food eaten on the last three days, also urine and feces for 
the same period, were analyzed. 

For determination of nitrogen in urine, the micro-Kjedahl method of 
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J.W.'s Diet 

Period 3 

Total 

Energy 

Caloiks 

159 

444 

373 

320 

595 

164 

29 

180 

2264 

^ E 

4.47 

3.40 

1.78 

1.39 

0.26 

0.11 

11.41 

Period 2 

Total 

Energy 

Calories 

202 

444 

366 

424 

595 

164 

27 

162 

2384 

N. 

gm. 

4.47 

3.40 

1.74 

1.39 

0.20 

0.10 

o 

ro 

Period 1 

Total 

Energy 

Calories 

o»o 

VO ^VO<SO\0 fOOv 

2383 

z i 

4.73 

2.94 
1.88 
* 1.06 

0.33 

0.11 

11.05 

Intake 

gm. 

135 

81 

135 

400 

63 

40 

170 

300§ 

1 

A.W.’s Diet 



Calories 

155 

91 

485 

300 

360 

32 

19 

138 

45 

100 

220 

1945 

S 

3.17 

0.78 

2.36 

1.28 

0.13 

0.23 

0.13 

0.50 

•0.59 

9.17 

Period 1 

Total 

Energy 

Calories 

155 

91 

485 

300 

360 

32 

19 

138 

45 

100 

220 

1945 

N. 

gm. 


8.89 

Intake 

Gm. 

100 

133 

185 

360 

40 

8 

100 

300 

100 

28 

35 

1 

Foods 

Beef 

MOk 

DiyMilkt 

Bread 

Potato 

Butterfat 

Sugar 

Lettuce 

Cdfflry 

^ple, (pared) 

Peaches (canned) 

Orange juice 

Cereal (wheat endosperm) 
Bacon 

Totals 


t Spray process. 

§ 100 grams eaten raw; 200 grains cooked. 
* Calculated from Sherman. 
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Koch and McMe^in (16) was used, and a modification of it (17) for nitrogen 
in food and feces. In J. W.’s experiment ether-soluble substances in meat, 
potatoes, apples, celery, and feces were determined by the Soxhlet extracticm 
method; in bread by the tentative A.O.A.C. method (18); and m the 
powdered whole milk by Jephcott’s modification (19) of the Wemer- 
Schmidt method. Coefficients of digestibility were calculated by the common 

equation: gramg ingested— grams in feces 

: X 100= percentage absorbed. 

grams ingested 


Results and Discussion 

The course of nitrogen and fat metabolism is shown in Table II. 

In each period both subjects were in practical nitrogen equilibrium. Approx- 
imately one gram of protein per kilogram of body weight per day had been 
eaten in each case. 

The figures for coefficient of digestibility of nitrogen are striking in being 
almost identical for the two subjects when on A. W.’s diet, thus illustrating 
similarity of digestion and the assimilation process in different individuals. 
The same thing was seen with three of the five adult subjects in J. W.’s 
experiment (1), the coefficients for the two persons assimilating the same 
percentage of nitrogen as did J. W., being 87.7 and 86.1 respectively. The 
remaining two subjects had somewhat lower nitrogen coefficients, but 
agreed with each other, 82.5 and 83.1. 

Although the fiber content of neither diet was determined by analysis 
or calculation (figures for the fiber content of cooked apple, and canned 
peaches have not been found in the literature), it is thought that J. W.’s 
diet contained a greater amount of indigestible fiber than did A. W.’s. 
According to Bulletin No. 28 and Circular No. 50, U. S. Department of 
Agriculture, celery contains 0.98 per cent fiber and lettuce but 0.7 per cent. 
The figures for raw apples are 1.0 per cent fiber, and for raw peaches 0.6 
per cent. It is true that the difference in the amount of celery eaten by 
J. W. on her own diet (170 grams) as compared with lettuce in A. W.’s 
diet (100 grams) is the same as the difference in consumption of lettuce by 
J. W. and A. W. on the latter’s diet (100 grams vs. 30 grams) ; but the actual 
amount of cellulose would be proportionately higher in the celery and the 
coarser vascular bundles of celery suggest a greater resistance to digestion 
than do the more uniformly tender leaves of lettuce. One third (100 grams) 
of the pared apples in J. W.’s diet was eaten raw, the remaining 200 grams 
baked; the oitire 300 grams of peaches in A. W.’s diet was the canned fruit. 
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With re^ct to the influence of cooking upon cellulose, Woodruff (20) has 
recently reported evidence in experiments with rats “that a>oking of 
potato cellulose diminished the amount of it which could be recovered in 
the feces, no matter whether the cellulose was fed as potato itself or as fiber 
added to the basal ration. When a raw basal ration with raw potato fiber 
was fed, 58 per cent of the cellulose fed was recovered in the feces. Cooked 
potato fiber with the basal ration allowed for only a 31 per cent recovery. 
The raw potato diet showed a recovery of 83 per cent of the fiber, whereas 
cooked potato showed only 60 per cent.” On this evidence, then, the 
greater amount of raw fiber in J. W.’s diet might reasonably be expected 
to interfere more with digestion than did the cooked fiber of A. W.’s diet. 

While both diets in the Chicago studies were entirely satisfactory to 
maintain the habitual rhythm of bowel evacuation in the subjects, the 
effect of the greater bulk in J. W.’s diet seems to be shown in the slightly 
but consistently lower coefficient of digestibility for nitrogen in J. W. 
when on her own diet, than when on A. W.’s diet (85.0, 87.0, 86.9 vs. 
88.8 and 89.0), and more clearly in the 50 per cent higher fecal nitrogen 
of J. W., 1.65, 1.45, 1.50 gms. on her own diet, as contrasted with 0.99 
and 0.99 on A. W.’s diet. 

An interesting contrast to the effect of a liberal amount of fiber upon the 
utilization of protein, is shown by the fact that the coefficients of digest- 
ibility of fat for J. W. upon her own diet, 97.4, 98.2, 97.4, are slightly higher 
than the usually accepted figure, 95. 

With these observations, McLaughlin’s (14) findings are in accord, for 
when relatively large amounts of spinach, 250 to 325 grams per day,* 
replaced milk as a source of calcium in her experimental diet, the average 
coefficient for protein for seven subjects fell from 91.9 on the milk- 
containing diet to 88.6 on the spinach-containing diet. One subject in 
her experiments had the same nitrogen coefficient on the spinach-contain- 
ing diet as on the milk-containing diet. When the figures for the remaining 
six subjects are averaged, the nitrogen coefficient on the spinach-con- 
taining diet becomes 87.4, and the milk-containing diet 92.8. The average 
coefficients for fat in McLaughlin’s experiment are the same on the two 
diets, 97.2 and 97.7, and are slightly higher than the accepted average 
coefficient for fat. 

Another interesting similarity between McLaughlin’s study and these 
done in the University of Chicago is seen in the water content of the feces. 
The following percentages of water are reported: for McLaughlin’s 


* Tbaoks an Ime aincBied to Pr. McLwii^ilia for OM of data {rhb her private fihii 
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two periods 80 and 82 respectively; for J. W. on her own diet 80; for J. W. 
on A. W.’s diet 80.5 ; and for A. W. on her own diet 80.6. 

Woods and Merrill (3) in their tests of digestibility of white, entire 
wheat, and Graham bread when each was eaten with milk, found these 
coefficients: 



Protein 

Pai 

Milk and white bread 

93.6 

95.5 

Milk and entire wheat bread 

91.7 

96.5 

Milk and Graham bread 

88.6 

95.5 


While the percentage of available nitrogen decreases with the increase 
of fiber in the diet, the availability of the fat remains practically the same. 
Blunt and Mallon (21) in their study of the digestibility of bacon used an 
average amount of 119 grams of much-cooked or 158 grams of slightly- 
cooked bacon, together with large amounts of shredded wheat (390 to 
490 grams) and 1080 cc. to 1450 cc. of orange juice and a little sugar as 
a daily diet. They found the average coefficient for fat to be 92.8 when the 
bacon was slightly cooked, and 95 when much cooked, thus agreeing 
with the usually reported figures. The corresponding average nitrogen 
coefficients were 79.8 and 80.0. These authors comment: “The nitrogen 
of the diet was not so well utilized. These low figures, however, are un- 
doubtedly due not to the bacon nitrogen but to the shredded wheat the 
coefficient of digestibility of which has been reported to be 57.7.” Sim- 
ilarly, Holmes’ (10) study of the digestibility of wheat bran, when eaten 
along with potato, apple, orange, butter and sugar, showed an average 
coefficient of 93.1 for the fat of the entire diet, whereas the coefficient 
for the protein was very low, being but 45.3, when the cases of negative 
nitrogen balance are excluded in calculating the averages. The uniformly 
high coefficients found for both vegetable and animal fats (with two ex- 
ceptions 95 or above), in the extensive series of tests made in the Depart- 
ment of Agriculture, also testify to the non-interference of the fiber (from 
wheat biscuit, apple and orange) with the utilization of fats in a mixed diet. 

These results in human studies corroborate Mitchell’s (22) findings 
upon the effect of roughage on the fecal nitrogen of rats. He fed four 
litter mate rats a nitrogen-free diet. In one test the rats were allowed to 
eat filter paper in addition to the diet. With paper in the diet the fecal 
nitrogen was 180, 164, 159, 191 mg,; without paper 124, 111, 130, 123 mg. 
respectively for the four rats. The average of 173 mg. fecal nitrogen ex- 
acted when filta paper was consumed, is an increase of 42 per cent over 
the averi^e of 122 mg. fecal nitrogen on a nitrogen-and-fiber-free diet. 

The lowa-than-avaaf e coefficient for nitrogen in diets which are high 
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in fiber may have two posable explanations, singly or in union. Hxe large 
amount of fiber may interfere with the action of proteolytic enz}rmes; 
the diet, as a whole, may occa^on an unusually large outgo of metabolic 
nitrogen. 

SUMKAKY 

It may be concluded on the basis of the data from the experiments which 
are drawn upon for this report, that a high proportion of bulk in the diet 
tends to reduce the utilization of nitrogen to a lower plane, but that it 
does not have the same effect upon the utilization of fat in the diet. 
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N ew ZEALAND spinach {Tetragonia expansa) is a comparativdy 
new kind of market greens. Its particular advantage is in its being 
heat tolerant. In the hot summer months when spinach and some other 
green vegetables cannot be grown, New Zealand spinach, which is not a 
variety of spinach {Spinacia oleracea), is easily grown as a truck crop and 
furnishes succulent greens for months. Furthermore it is being grown as a 
winter crop in some eastern greenhouses. The tender, rather fleshy leaves 
have a distinct flavor more pleasing to some than that of common, mild 
spinach. 

The nutritive value of any vegetable used as a salad or for greens is 
dependent largely on its mineral and its vitamin contents. The few re- 
ferences to New Zealand spinach in the literature (3, 7) show it to be high 
in minerals, especially iron. No references were found to its vitamin content 
Its appearance, flavor and composition, as found in our experimental work, 
are recommendation enough. It is compared with spinach only because 
this has previously been shown to be exceptionally rich in minerals and 
potent in vitamins. The use of spinach has been advocated to such an 
extent that recognition of other vegetables with different flavors is needed 
before unfavorable reaction towards eating spinach becomes too great. 

Mineral Content 

Raw and cooked samples were analyzed for moisture, total ash, calcium, 
phosphorus and iron. Leaves alone were used for analysis because much of 
the stem, particularly in older plants, is tough and fibrous. Samples of New 
Zealand spinach, as gathered in the college greenhouse or garden, showed no 
dirt visible to the eye and washing yielded a negligible amount of foreign 
matter. Therefore, the raw vegetable was analyzed without washing. It 
was weighed as soon as possible after picking and put into a vacuum oven, 

• Spinach and New Zealand spinach were grown and furnished through the courtesy of Dr. 
£. S. Haber. Most of the total ash, calcium and phosphorus determinations were made by 
Carrie Hodges, some of the vitamin A determinations by Lena Gilbert and some of the vitamin B 
determinations by Iva Mullen, in partial fulfillment of the requirements of each student for the 
degree of Master of Science. 
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set at 70® C, to get the moisture content. The dried material was ashed 
in an electric muffle furnace at dull red heat. The ash for caldum and 
phosphorus determinations was dissolved in hydrochloric add as described 
by Clark (2). Caldum was precipitated as the oxalate in the presence of 
add (pH 4.8) and determined by titration agdnst permanganate (9). 
Phosphorus was determined by a modification of the Pemberton-Kilgore 
method (6), predpitating the phosphomolybdate, dissolving this in standard 
sodium hydroxide, and back titrating. Iron was determined colorimetri- 
caUy by the Walker method (4). 

As shown in Table I, raw New Zealand spinach is exceptionally high in 
mineral salts, is a very good source of iron and of calcium but not of phos- 


Table I 

Fekcentaoe CoKPOsmoN OP New Zealand Spinach Leaves* 



Water 

Water 

Ash 

Ash 

Ca 

D 

Fc 

Protein 

(Nx6.25) 

Oxalic 

acid, 

anhydrous 

Av. 




2.43* 

.045 

.027 

.0023 

1.4 

.49 

P.E.* 



■IWniM 

0.05 

.002 

.002 

— 


.03 

Max. 



1.94 

2.58 

.050 

.030 

.0024 

1.7 

.53 

Min. 

93.3 


1,90 

2.38 

.038 

.022 

.0022 

1.1 

.40 

No. anal. 

18 

11 

5 

6 

10 

6 

5 

8 

8 


* Samples grown in greenhouse. 

* Sanities grown in garden. 

* Probable error of the mean. 

* Lichtin (7) gives the following percentages: 1.86 ash, and 0.00456 iron, in New Zealand 
spinach grown at Cornell; 2.59 ash, and 0.00328 iron, in samples from the open market. 

phorus. These facts are brought out by comparison with other common 
leafy vegetables shown in Table II. 

Changes in mineral content caused by cooking are brought out in Table 
III. The greens were prepared for cooking in the usual way and two 
methods of cooking were employed. First, the weighed leaves were washed 
in tap water and cooked in the clinging wash water only in the top of an 
enamel double boiler; second, the weighed sample, after washing, was put 
into a measured volume of boiling tap water and cooked for a definite 
period. In each case the cooked product was drained and both the spinach 
and the cooking liquor dried and analyzed. Mineral contents were cal- 
culated on the basis of the fresh raw weij^t. 

New Zealand spinach cooked without added water retains its distinctive 
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flavor with a somewhat astringent after taste. Fifty minutes in a double 
boiler gave a mushy product, thirty-flve minutes a tender one though the 
brilliancy of the green color was lost. One-sixth of the mineral salts, in- 
cluding one-eighth to more than one-fourth of the iron, was drained off 


Table II 

Percentage Composition op Some Leapy Vegetables 



Wateri 

Ash 

Ca* 

P» 

Fe 

Oxalic acid, 
anhydrous 

Cabbage 

91.5 

l.(P 

.045 

.029 

.0011» 

.0056* 

Lettuce 

94.7 

0.9> 

.043 

.042 

.0007» 

trace* 

Spinach 

92.3 

2.P 

.067 

.068 

.0036* 

.299* 



1.41* 



.0061* 

.0031* 



^ Atwater and Bryant (1). 

*Lichtin (7). 

* Sherman (11, appendix B). 

^ Spinach grown under same conditions as New Zealand spinach of our analyses. 
‘ Floyd, L. P., Unpublished Master’s Thesis, Univ. of Chicago, 1923. 

• Arbenz, E., Mitt, Lebensm. Hyg, 1917, VHI, 98. 


Table in 

Cooked New Zealand Spinach Leaves 



Wt. of 

raw 

sample 

Vol. of 
water 

Time 

cooked 

Green 

color 

Flavor 

Percent Mineral Losses calculated on 
basis of 100 g. raw 

Ash 

Ca 

n 

Fe* 


gr- 

cc. 

min. 







A* 

150 

4 > 

50 

olive 

very strong 

28.4 

5.1 



B 

150 

* 

35 

« 

Strong 

15.6 

4.5 

— 


C 

420 

* 

35 

u 

u 

14.8 

4.7 

5.8 

13 

D 

420 

• 

35 

a 

« 

15.6 

4.5 

5.5 

28 

E 

420 

* 

35 

a 

a 

15.7 

5.1 

5.8 

28 

A 

150 

500 

20 

bright 

Mild 

44.8 

6.1 

— 


B 

ISO 

150 

14 

u 

a 

41.9 

6.1 



C 

140 

750 

10 

u 

a 

39.8 

6.1 

63.4 

37 

D 

420 

750 

10 

u 

u 

40.6 

5.9 

62.9 

40 

£ 

420 

750 

10 

a 

u 

40.5 

6.8 

62.4 

44 

F 

420 

750 

10 

a 

u 




47 


* Water dingiBg to leaves from washing. 

^ Samples A, B and D were dnuned 10 min., C, 60 min.; and E, 5 min. 

* lion was not detennined in the same samples as those used for analyses of other minerals. 
AU san^les fOr inm deteimisiatbns were drained for 10 min. 
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in th« strong cooking liquor but little of the calcium or phosphorus was 
lost. 

Ten minutes cooking in excess boiling tap water gave an attractive 
tender product with a very mild flavor. Draining away the liquid took 
with it little calcium but about 40 per cent of the total mineral salts and 
of the iron, and more than 60 per cent of what phosphorus the raw vege- 
table contained. 

Using our flgures for composition of New Zealand spinach, and average 
composition figures of Atwater and Bryant (1) and of Sherman (11) for 
the other common leafy vegetables, New Zealand spinach, even when 
cooked in a large volume of water and drained longer than is customary 
before serving, is foimd to be as rich in mineral salts as raw spinach and 
to be richer in iron and as high in calcium as lettuce or cabbage served raw. 

Vitamin Potency 

Only raw leaves were tested for vitamin content. Albino rats from our 
stock colony were used for most determinations. The diet of the mothers 
of other rats used had been similar, that is, largely grain with milk added. 
Our stock diet is Steenbock’s (14) modified to contain wheat germ and yeast, 
and supplemented at intervals by lettuce. The laboratory technic was 
that of Ferry (5). Rats were weaned at 28 or 29 days and placed directly on 
the eiqjerimental diet in individual cages. The basal diet consisted of 
purified casein 18 per cent, dextrinized cornstarch (8) 76 per cent, salt mix- 
ture (10) 4 per cent, and agar 2 per cent. 

Vitamin A. For vitamin A tests the casein was made A-free (12), the 
diet irradiated and a salt spoonful of yeast, weighing approximately 0.4 
gram, was fed separately six times a week. The method used was essentially 
that of Sherman and Munsell (12). Cessation of growth was the chief 
criterion for deciding when the store of vitamin was depleted. The basal 
diet was then supplemented during the 8-week period with carefully 
weighed quantities of New Zealand spinach or spinach leaves (Bloomsdale) 
having, so far as possible, an upper surface area of 4 to 5 square inches. 
To minimize errors in weighing, the very small quantities of leafy tissue 
were fed three times a week. Twenty-six negative controls, with an average 
weij^t of 50 grams at 28 days, survived 53.5 days on the average or 21 
to 22 days after the average depletion period. 

Close to 90 mg. of New Zealand spinach per week were required to allow 
a gain in weight of approximatdy 3 grams a week for 8 weeks, after de- 
pleting our rats which at 28 days we^ed on the average about 50 grams. 
A slightly smaller quantity of ordinary spinach grown under the mwip 
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conditions induced a somewhat larger gain with a correspondingly greater 
consumption of the basal diet. However, it is clearly shown that New 
Zealand spinach, like spinach, is several times as rich in vitamin A as are 
most green foods that have been tested. 

Vitamin B. The method used was essentially that of Sherman and 
Spohn (13). Vitamins B and G were considered as an entity. The same 

Table IV 
ViTAKiN A Tests 


New 2^and Spinach 


Amt. per 
wk. 

No. of rats 

Wt. at 28 
days. 

Pre- 

period 

Initial wt. 

1 

Gain in 
period 

Food eaten 
weekly 

Rats sur- 
viving 
period 


■■ 

gr* 

days 

gr- 

gr. 

gr* 

no. 

0.09 

HH 

52 

33 

127 

27.4 

66 

11 

0.08 


50 

30 

109 

16.8 

52 


0.07 

15 

49 

35 

119 

-11.6 

54 

■1 

Spinach 

0.07 

7 

46 

30 

125 

32.5 

69 

7 


Table V 

Vitamin B Content ot Leaves 


New 2iealand Spinach 


Amt. per 
day 



Weekly 
change 
in wt. 

Food eaten 
weekly 

Time of 
survival 

Rats sur- 
viving 
period 

Gain in wt. 
of survivors 

gr* 


gr. 

gr. 

gr. 

days 


gr. 

1.0 

7 

50 

-1.5 

24.6 

41 


8 

1.2 

7 

47 

-0.4 

25.6 

49 

4 

2 

1.4 

8 

so 

-0,3 

27.3 

49 

4 

10 

1.6 

8 

37 

+3.3 

21.4 

56 (K) 

8 

26 


Spinach 


1.0 

8 

49 

1 

+2.5 

32.6 

50 

n 

29 

1.2 

10 

49 

+3.4 

34.9 

56 (K) 

mm 

27 

1.4 

7 

37 

+6.5 

35.8 

56 (K) 

Hi 

52 


K doiotet killed. 
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basal diet was used as for vitamin A determinations except that it was not 
irradiated and the casein was made B-free (13). Cod'liver oil, five drops per 
day, was fed separately. The New Zealand spinach and the spinach was 
the same as for vitamin A tests but was fed six times per week with a 
double portion on Saturdays. Fifteen rats, with an average weight of 46 
grams at 28 days, used as negative controls, survived for 40 days on the 
average, with an average loss of 2.6 grams in weight per week. 

It requires a little more than 1.4 grams of New Zealand spinach daily to 
maintain a 50 gram rat at constant weight for 8 weeks On 1.6 grams 
daily, 37 gram rats make a distinct gain, but just one-half as great as that 
made by rats of the same weight getting 1.4 grams of spinach {Spinach 
oleracea). The latter rats showed an appetite for the basal diet one-half 
again as great. New Zealand spinach, though it contains somewhat less 
vitamin B complex than does spinach, belongs in the same class with it. 

SiTHMAKY 

New .Zealand spinach is especially valuable in the diet because of its 
high salt content. It compares favorably with most green vegetables in 
iron and caldum. 

Cooked without addition of water, it retains most of its minerals. 

If greens of milder flavor and brighter color are preferred, it may be 
boiled in water with little loss of calcium but with much loss of other 
minerals. However, it stiU retains enough to compare favorably with raw 
cabbage or lettuce. 

New Zealand spinach is exceedingly rich in vitamin A and is a good 
source of vitamin B complex. 
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T he various workers who have from time to time reported experi- 
ments dealing directly or indirectly with the effect of the menstrual 
cycle on the metabolic rate of women have often differed profoundly 
in their conclusions. Among the chief investigators who have concluded 
that there was no demonstrable effect may be listed Zuntz (1906), Gephart 
and DuBois (1916), Blunt and Dye (1921), Wiltshire (1921), and Lanz 
(1924). Gephart and DuBois deal with the subject only indirectly. 
They report three tests on a single female subject so that it is not at all 
surprising that they failed to show an effect. Blunt and Dye’s fourteen 
subjects actually averaged 1.6 per cent lower in their metabolic rate during 
menstruation than at other times but these investigators point out that 
variations of this magnitude may occur at any time without apparent 
cause. 

The one point upon which there seems to be the most general agree- 
ment is the existence of the so-called premenstrual rise. An increased 
metabolic rate which occurred sometime during the week preceding the 
onset of menstruation has been emphasized by Snell, Ford and Rowntree « 
(1920). These investigators found that the rise in the metabolic rate 
often occurred during the catamenia itself. Other investigators who have 
noted a similar rise in the metabolic rate of their female subjects are 
Rowe and Eakin (1921) and Wakeham (1923). 

A decrease in the metabolic rate occurring on the first or second day 
of menstruation has been noted by Kunde (1923), Hafkesbring and Collett 
(1924), and Collett and Liljestrand (1924). Collett and liljestrand found 
that the metabolic rate reached a minimum on the first or second day of 
menstruation and that there was a second low point ten to eighteen days 
later. 

Quite recently Rogers and Flemming (1928) have reported experiments 
on seven normal women from which they conclude that there is “a relation 
between the metabolic rate and the menstrual cycle with the lowest 
point in the metabolic cycle coming during or immediately following the 
menstrual period.” Another recent paper is that of Benedict and Finn 
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(1928). They have published valuable and interesting data on the gaseous 
metabolism of one female subject over a period of years. With this sub- 
ject the average oxygen consumption during menstruation was 3 per cent 
lower than for the inter-menstrual periods. In evaluating their data the 
authors emphasize the unusually good physical condition of this subject. 
Still more recently Griffith (1929) and his coworkers have published data 
which include observations on the basal metabolism of three women 
over a period of one year. All three of these women showed a cyclic vari- 
ation in the metabolic rate which was synchronous with the menstrual 
cycle. However, the individual cycles were not identical. One subject 
showed the lowest rate during menstruation with a progressive rise during 
the intermenstrual period. The remaining two subjects showed the lowest 
rate in the second or third week of the menstrual cycle. All three, however, 
showed an increased metabolic rate during the third or fourth week of the 
cycle. 

When one considers this mass of conflicting evidence it appears that 
the only hope of reaching satisfactory conclusions lies in the accumulation 
of sufficient data to justify statistical treatment. With this idea in mind 
we began, some three years ago, an investigation of the day-by-day 
variations in the basal metabolism of women. The apparatus used was 
the Benedict-Roth-Collins apparatus with kymograph attached. All 
calculations were made from the graphic record of the respirations of the 
subject. In general the technic was that described and recommended by 
Roth (1923). During the course of the investigation more than eight 
♦hundred basal metabolism determinations were made on twenty-seven 
women. In the final analysis of data only those subjects who were under 
observation for at least two complete menstrual cycles were included. 
This rule resulted in the elimination of six subjects. One additional 
subject was ruled out on account of her rather erratic conduct. It was 
felt that she was not cooperating as fully as could be desired and that the 
tests made on her were, therefore, not altogether reliable. This left 
twenty subjects in the final compilation of data, upon whom a total of 
625 basal metabolism determinations was made. Of these, 155 tests 
were made during menstrual periods; the remdning 470 between menstrual 
periods. All tests were run in duplicate and the lower one used. This was 
done on the supposition that many things might happen to a subject 
that would increase her metabolic rate but that aside from sleep nothing 
a>uld happen that would decrease it. In no case did any of the subjects 
fall asleep during a test. The average difference between the duplicate 
tests was less than three per cent. 
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It was usually found that the tests nm on the first day any partic- 
ular subject came to the laboratory gave results appreciably higher 
than those obtained in subsequent tests. Therefore, tests made on the 
first day were in every case discarded. In a few cases it was found 
necessary to discard the test made on the first two or three days since 
they were well above the metabolic rate which subsequent tests showed 
to be normal for the subject. This observation would indicate that it is 
rarely, if ever, safe to base scientific or clinical findings on a single basal 
metabolism test. This point has also been emphasized by Boothby and 
Sandiford (1920). 

The body temperature (oral), the pulse rate, and both systolic and 
diastolic blood pressure were determined at each test. This was done 
toward the end of the rest period after the subject had been lying down 
at least fifteen minutes. Tests were run on each subject two or three times 
a week. During the last three months of the experiment four of the most 
reliable of the subjects were selected and tests were run on each of these 
daily except Sunday. During this period two male subjects were run 
daily, the procedure for them being the same as that already described 
for the women. A graph was prepared for each subject upon which the 
metabolic rate, pulse rate, body temperature, and blood pressure were 
all shown. A close inspection of these graphs usually indicated a direct 
correlation between pulse rate and metabolic rate, but this correlation 
was by no means perfect. No relationship between the metabolic rate 
and any of the other measurements made was apparent. A careful study 
of the correlations between these various physical measurements is being 
made and it is our intention to make it the subject of a future paper. 

At the end of the experiment the tests made on each subject during 
menstrual periods were grouped together and the arithmetical mean 
computed. The standard deviation and the probable error of the mean 
were then determined. All tests that had been made between menstrual 
periods on the same subject were then placed in a second group and sub- 
jected to the same mathematical treatment. The difference between the 
arithmetical mean of the menstrual tests and the non-menstrual tests was 
then determined and the probable error of this difference was computed by 
taking the square root of the sum of the squares of the probable errors of the 
two means. The difference between the two means was then divided by the 
probable error of the difference and this number used as an index of the 
significance of the deviation between the average of the menstrual tests 
and that of the non-menstrual tests. These statistical data are shown in 
Table I. 
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It will be noted from this table that fourteen of the twenty subjects 
showed a lowering of the metabolic rate during the menstrual period. 
In one subject the average metabolic rate during the menstrual periods 
was exactly the same as the average rate between menstrual periods and 
the remaining five subjects showed a slight increase in the metabolic 
rate during menstruation. The subjects showing decreased metabolic rate 
during menstruation have been arranged according to the decreasing 

Table I 

CoMPiLAtioN OF Statistical Data Showiko the Tendency for the Basal Metabolic Rate of 
Women to be Lowered Ditrino the Menstrual Period 


Subject 

Intermenstrual period 

Menstrual period 

Diff. 

P.E. 

of 

diff. 

Diff. 

divided 

byP.E. 

No. of 
tests 

Avg. Cal. 
per sq. m. 
per hr. 

Stand. 

dev. 


Avg. Cal. 
persq. m. 
per hr. 

Stand. 

dev. 

A.C. 

14 

34.0 

1.11 

2 

31.3 



0.28 

9.7 

M.P. 

12 

39.9 

2.17 

2 

36.7 



0.71 

4.5 

L.S. 

13 

35. S 

3.74 

4 

32.1 



0.83 

4.1 

S.R. 

52 

36.3 

1.83 

13 

34.9 


-1.4 

0.36 

3.9 

R.D. 

12 

36.5 

1.76 

‘ 3 

35.1 


-1.4 

0.37 

3.7 

F.R. 

91 

33.3 

1.89 

54 

32.6 

1.66 

-0.7 

0.20 

3.5 

D.W. 

11 

41.6 

2.45 

3 

39.1 


-2.5 

0.94 

2.7 

A.B. 

78 

35.8 

3.20 

17 

34.9 

2.14 

-0.9 

0.43 

2.1 

E.C. 

18 

36.3 

2.79 

4 

34.7 

2.08 

-1.6 

0.83 

1.93 

C.B. 

13 

35.6 

2.82 

3 

34.0 

1.72 

-1.6 

0.85 

1.88 

N.R. 

8 

38.4 

1.61 

2 

36.4 

3.25 

-2.0 

1.58 

1.26 

M.K. 

19 

40.8 

2.38 

6 

40.5 

1.43 

-0.3 

0.54 

0.55 

LK, 

10 

38.6 

1.55 

4 

38.1 

3.01 

-0.5 


0.47 

R.P. 

40 

33.8 

i 1,35 

19 

33.7 

1.54 

-0.1 

0.28 

0.36 

B.P. 

11 

37.1 

0.72 

2 

37.1 

0.15 


0.16 

» 

R.S. 

13 

33.3 



33.7 

0.10 


0.38 

1.05 

GJ. 

12 

35.8 

m 


36.6 

0.90 


0.73 

1.11 

M.B. 

12 

33.8 

1.19 


34.9 

1.37 

+1.1 

0.87 

1.26 

M.S. 

13 

34.2 

3.04 

3 

37.2 

4.13 


1.71 

1.75 

M.C. 

18 

38.4 

2.63 

6 

39.6 

1.66 

+1.2 

0.62 

1.94 


value of the quotient obtained when the difference between the two means 
is dmded by the probable error of this difference, while those showing an 
increased metabolism during menstruation have been arranged accord- 
ing to the increasing value of this quotient. At the top of the table comes 
A. C. Her metabolic rate during menstrual periods was 2.7 Calories per 
hour per square meter of body surface less than at other times. The prob- 
able error of this difference was only 0.28 Calories; therefore, the quotient 
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obtained when the difference is divided by its probable error is 9.7. Accord- 
ing to the law of probability a difference as much greater than its probable 
error as this one is would occur fortuitously only once m several hundred 
billion cases. The second subject, M. P., had a metabolic rate during men- 
strual periods which averages 3.2 Calories less than her metabolism at 
other times. This difference is 4.5 times as great as its probable error. 
A deviation as much greater than its probable error as this would occur by 
chance only once in about 415 cases. Now it happens that the results 
obtained on these two subjects might be questioned, since in each case 
there were only two tests made during menstrual periods and in both cases 
these two tests were made during the same menstrual period. As previously 
stated, the tests on all subjects extended over at least two complete 
menstrual cycles. However, in the case of these two subjects the first 
test was made near the end of a menstrual period. As already explained, 
our regular procedure was to omit this first test. Since the experiment 
was stopped with these two subjects just before the beginning of the men- 
strual period at the end of the second cycle, this leaves only the one men- 
strual period for consideration in the final data. However, even if we should 
omit these two subjects the data would be only slightly less significant. 
Statistically, any deviation more than 1.8 times its probable error is 
usually considered significant. Ten of the twenty subjects show minus 
deviations occurring during the menstrual periods which are more than 
1.8 times their probable errors. If we omit the first two, which might be 
questioned although we believe them to be perfectly valid, we find that 
according to the laws of chance, negative deviations in the metabolic 
rate during menstruation would occur fortuitously in the number and 
size noted only in some 450 cases instead of occurring, as they do in our 
data, in 18 cases. This means that these deviations are some twenty- 
five times more numerous than could be accounted for by chance. 

On the other hand, of the five cases which show a positive deviation 
of the metabolic rate during menstruation, there is only one in which the 
deviation is more than 1.8 times its probable error. Positive deviations of 
this size and number would occur fortuitously in ten cases. It appears, 
therefore, that positive variations occur in our data only about half as 
frequently as could be accounted for on the basis of chance, while negative 
variations occur some 25 times more frequently than could be expected 
were they entirely fortuitous. If we include subject M. P., this number 
would be nearly doubled while the inclusion of A. C. would send it up 
into the millions. This seems to be excellent proof of the existence of a 
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tendency for the metabolic rate of women to be lowered during the men- 
strual period. 

This lowering of the metabolic rate is of slight extent. The averse 
for the ten subjects that showed statistically significant deviations 
is 5.3 per cent while if all fourteen subjects who show lowered metabolic 
rates during menstruation are included, the decrease amounts to 4.3 
per cent. It would not be difi^cult to cover up a variation of this magnitude 
by some uncontrolled factor which acted in the opposite direction. For 
example Boothby and Sandiford (1924) have suggested pain and discom- 
fort as the true cause of the apparent increase in the metabolic rate of 
women during menstruation which has been reported several times in 
the earlier work. It is now tmiversally recognized that this factor must 
be guarded against. It is altogether probable that there are many other 
factors, as yet unrecognized, which might cause apparently fortuitous 
variations in the metabolic rate. The amount of food and exercise taken 
during the preceding twenty-four hours, the amount of sunlight that has 
reached the skin, the amount of sleep taken the preceding night or the men- 
tal state of the subject might very well produce noticeable changes in the 
metabolic rate. In this connection we have noted at this laboratory that 
students who have been at some social function the night preceding the 
test usually show a lowered metabolic rate. An effect of this same sort 
was observed during the course of the experiments on M. C. reported 
in this paper. This young woman was a student in the graduate school 
of the university. She was under observation for about three months 
and during this period she took the series of oral and written examin- 
ations that are required of all students before they are admitted to can- 
didacy for the degree of Doctor of Philosophy. The average of all tests 
made on her before she had completed these exammations gave her a 
metabolic rate of 40.12 Calories per hour per square meter of body sur- 
face. After all of her scholastic work had been finished for the school 
year, her metabolic rate was determined on seven different days scattered 
over a period of more than four weeks. The average of all of these tests 
was 35.89 Calories per hour per square meter of body surface, a drop 
of 10.5 per cent from her previous level. We can suggest no cause for this 
sudd^ drop in the metabolic rate of this subject other than mental let- 
down which naturally accompanied the successful completion of her 
examinations. We have noted in a number of other cases that the meta- 
bolic rates of students were distinctly higher during the week of final 
examinations than at other times. 

F. R. furnishes another example of an effect apparently due to the 
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mental condition of the subject. At the time these tests were made this 
subject was finishing her junior year in the College of Medicine. On 
the evening of June 1, 1928, she was on duty for the first time at the 
Univeraty Dispensary and returned to her room very much excited by 
this experience. The following morning, the third day of her menstrual 
period, she had a metabolic rate of 42.35 Calories per hour per square 
meter of body surface. The average of 54 tests run on this subject during 
menstrual periods was 32.60 Calories per hour per square meter of body 
surface, while on the morning of June 1, her metabolic rate had been 
31.95 Calories and on June 4 it was again down to 33.23 Calories per hour 
per square meter of body surface. Here again we can offer no explanation 
for this very temporary increase in the metabolic rate other thap the 
mental condition of the subject. It is our opinion that in many cases the 
rather slight change in metabolic rate which accompanies menstruation 
is concealed by such factors as those enumerated above. 

Statistical treatment of our results has been limited to the testing of 
the significance of the change in the metabolic rate which occurs during 
the menstrual period itself. Inspection of the curves obtained when the 
results on individual subjects were plotted shows that this fall in the meta- 
bolic rate which accompanied the actual catamenia is not the only cyclic 
variation in the metabolism to manifest itself. In the great majority of 
cases the curves show a marked premenstrual rise similar to that empha- 
sized by Rowe and Eakin (1921) and Wakeham (1923). The recently 
published data of Grifiith et al. (1929) and of Benedict and Finn (1928) 
also indicate a premenstrual rise in the metabolic rate. Further discussion 
of this point, therefore, seems unnecessary. It is sufficient to state that 
during the week preceding the onset of the menstrual flow our subjects 
usually showed metabolic rates from five to ten per cent above the average 
value for the intermenstrual period. 

In Figure 1, a portion of the results obtained upon three of the subjects 
are shown graphically. These curves have been selected because they show 
most clearly what we have come to believe is the typical cycle through 
which the metabolic rate of women passes. It can be seen from these 
curves that the lowered metabolic rate which accompanies the menstrual 
period often lasts for several days beyond the duration of the menstrual 
flow. There is then a progressive increase in the metabolic rate which 
is followed by a second drop which occurs at about the end of the second 
week of the cycle. This intermenstrual low point is of brief duration, 
tisually lasting for but a day or two. Then comes the premenstrual rise 
and the drop in the metabolic rate which occurs with the onset of menstru- 
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Figure 1. Graphic leprescntat’on of a part of the 
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ation. It is probable that in some cases where this intermenstrual low 
point failed to appear, as for example in the second part of the graph for 
the subject A. C. shown in Figure 1, this was due to the fact that a test 
was not made on the particular day on which the metabolic rate was at 
this low level. With most of the subjects it must be remembered that tests 
were run only two or three times a week. 


Table n 

CoMPaATioN OB Data Showino the Occobsence and Magnitdde of the Intexicenstkoal 

Drop in the Metabolic Rate 


Subject 

No. of men- 
strual cycles 
studied 

Avg. length 
of cycle in 
days 

No. of inter- 
menstrual 
drops noted 

Day on which 
intermen- 
strual drop 
occurred 

Magnitude of 
intermen- 
strual drop in 
percent 

Magnitude of 
menstrual 
drop in 
per pent 

A.C. 

2 

32 

1 

23 

7.0 

7.9 

M.P. 

2 

30 

1 

15 

3.8 

8.0 

L.S. 

2 

29 

1 



9.6 

S.R. 

5 

28 

5 


3.1 

3.9 

R.D, 

2 

29 

2 


1.6 

3.8 

F.R. 

9 

28 

'5 


6.8 

2.1 

D.W. 

2 

30 

0 



4.9 

A.B. 

9 

30 

6 

13 

2.8 

2.5 

E.C. 

2 

32 

2 

13 

8.7 

4.4 

C.B. 

2 

29 

2 

19 

6.5 

4.5 

Average 

3.7 

29.7 

2.5 

14 

5.03 

5.16 


In Table II, the occurrence of these intermenstrual low points for the 
ten subjects that showed a significant lowering of the metabolic rate dur- 
ing menstruation has been tabulated. For these ten subjects there was 
a total of thirty-seven menstrual cycles studied and in twenty-five of 
these a low point occurred approximately midway between menstrual 
periods. Ikese low points occurred in nine of the ten subjects included in 
the table, D. W. being the lone exception. There were only eleven tests 
made on this subject during the two intermenstrual periods she was under 
observation, the smallest number made on any subject in this group, 
and it is therefore altogether possible that the low points occurred on 
days when no test was made. Likewise, it seems probable that the other 
subjects would have shown these low points more frequently if the tests 
had been made at shorter intervals. As it is, they occur in about seventy 
per cent of the cycles. This is too large a percentage to be accounted for 
on the basis of chance. In extent they range from 1.6 to 10 per cent below 




















212 


BASAL METABOLIC RA TE OF WOMEN Y 01 . 11, No. 2 


the average for the intermenstrual periods. The average for the group 
of ten including D. W. is 5.03 per cent. It is interesting to note that this 
is the same order of magnitude as the fall which occurs during the men- 
strual flow. For the same ten subjects the metabolism during menstruation 
averaged 5.16 per cent lower than during the intermenstrual periods. 
It is also noticeable from the table that there is a high degree of corre- 
lation between these two drops; that is, subjects who show the most 
pronounced drop in the metabolic rate during menstruation usually 
show the most marked intermenstrual low point. 

The experiments of Benedict and Finn (1928) on Miss W. show similar 
intermenstrual low points. The thirty-three tests run on her during 
intermenstrual periods showed an average oxygen consumption of 179.8 
cc. per minute. On February 29, the sixteenth day of the menstrual 
cycle, it dropped down to 176.0 cc. per minute and on March 28, the 
eighteenth day of the following cycle, it dropped to 175 cc. per minute. 
These two intermenstrual low points are 2.4 per cent below the average 
for the intermenstrual period as a whole, while the eleven tests made 
during menstrual periods average 3.3 per cent lower than the intermen- 
strual average. It is evident, therefore, that the results of Benedict 
and Finn as well as our own agree with the earlier work of Collett and 
Liljestrand (1924) in showing the existence of this intermenstrual low 
point in the metabolic rate. 

It appears to be very well established that ovulation occurs 14 to 18 
days after the beginning of menstruation, and since the average for this 
group of ten subjects shows that this drop in menstruation occurs about 
15 days after the beginning of menstruation, while with Miss W. it oc- 
curred once on the sixteenth and once on the eighteenth, it seems probable 
that the two phenomena occur approximately simultaneously. The 
existence of a causal relationship between the two is a question upon 
which we can only speculate. There has been published recently some 
evidence which indicates that the metabolic rate in women may be in- 
fluenced by the amount of ovarian hormone in the blood stream. Mc- 
Clendon, Burr, and Conklin (1929) in a preliminary report have noted 
the effect on the metabolic rate of women of injecting varying amounts of 
the ovarian hormone. In two of their five subjects the metabolic rate 
rose when small doses were injected and fell with the administration of 
larger doses. Two subjects showed increased metabolic rates following 
a single injection of a large dose of the hormone, while the fifth subject 
who recdved the largest dose of all showed an unchanged metabolic 
rate. It is possible that these results are complicated by the different 
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stages of the oestrus qrde in which the various subjects were at the time 
of the experiment. We shall await the complete report of this work with 
considerable interest. However, considering this evidence in connection 
with our own work, we are tempted to suggest that large amounts of the 
ovarian hormone in the blood stream cause a decrease, while smaller 
amounts produce an increase in the metabolic rate of women. It is not 
unreasonable to suppose that relatively large amounts of the ovarian 
hormone are set free in the blood stream at menstruation and at ovula- 
tion. This condition would then, according to our hypothesis, cause a 
lowered metabolic rate while the smaller amounts of the hormone pres- 
ent in the blood stream at other times would result in a higher meta- 
bolic rate. 

The fact that two of our subjects were under observation for more than 
a year (in one case the summer months being omitted) and two others 
during the winter and spring, makes it possible to use our data in a con- 
sideration of the effects of the seasons on the basal metabolic rate. In 
Table III, the averages for the seasons during which these four subjects 


Table in 

Data Seowikg the Eitfect of Seasons on the Basal Metabouc Rate 



Spring 

Summer 

Autumn 

Winter 

Spring 

Subject 


Avg. 


Avg. 


Avg. 


Avg. 


Avg. Cal. 


No. of 

CaL per 

No. of 

Cal. per 

No. of 

Cal. per 

No. of 

Cal, per 

No. of 

per sq. 


tests 

sq. m. 

tests 

sq.m. 

tests 

sq. m. 

tests 

sq.m. 

tests 

m.per 



per hr. 


per hr. 


per hr. 


per hr. 


hr. 

F.R. 

n 

33.80 

20 

33.13 

7 

35.72 

21 

33.52 

37 

33.00 

A.B. 


37.53 



U 

36.86 

16 

34.84 

36 

35.52 

S.R. 

■i 






13 

38.15 

39 

35.71 

R.P. 

■ 






10 

33.03 

30 

34.16 


were under observation are tabulated. In obtaining these figures all non- 
menstrual tests run during any particular season were averaged. It may be 
seen from this table that F. R. showed a metabolic rate of 33.80 Calories 
per hour per square meter of body surface during the spring of 1927. 
There was a slight decrease in this rate during the summer followed by a 
sharp rise in the autunm. During the subsequent winter and spring it 
dropped back to a point slightly lower than that noted at the beginning 
of the experiment. The outstanding characteristic of the records on this 
subject is the increased metabolic rate shown during the autumn. It is 
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interesting to note that during the fifteen months this subject was under 
observation her only vacation occurred in September 1927, and it is the 
tests run during the two or three months immediately following this vaca- 
tion that show the increased metabolic rate. This seems to support the 
theory recently advanced by Benedict (1928) that the basal metabolism 
is to some extent a measure of the physical fitness of the individual. 
Subject A. B. was not available for test during the s umm er months. 
Her metabolism was only slightly lower in the fall than it had been during 
the preceding spring. During the winter, however, there was a marked 
drop followed by a rise in the following spring. The fact that this sub- 
ject showed a lower metabolic rate in the spring of 1928 than she had in 
spring of 1927 again can be correlated with her physical condition. During 
the spring of 1928 she was in rather poor shape physically and from the 
18th of April to the 8th of May was ill with what was diagnosed as in- 
fluenza. Of the two subjects who were under observation during the 
winter and spring of 1928 S. R. showed a decrease while R. P. showed 
an increase in the metabolic rate. The same discrepancy in the point at 
which the metabolism starts up is seen in the case of F. R. and A. B., the 
former showing decrease and the latter an increase with the coming of 
spring. The two subjects whose metabolism was lower in the spring were 
older women who worked harder and probably took less time for re- 
creation than the two subjects whose metabolism increased with the coming 
of spring. On the whole, our data seem to agree with those published by 
Gustafson and Benedict, (1928) who showed that the basal metabolism 
was usually higher in the summer than in the winter. 

SUMMAKY 

A study of the day-to-day variations in the basal metabolism of twenty 
women justifies the following conclusions: 

1. There is a strong tendency for the metabolic rate to be lowered during 
the menstrual period. 

2. A second low point in the metabolic rate occurs about the middle 
of the intermenstrual period. 

3. In many cases the mental state of the subject seems to have a marked 
effect on the basal metabolic rate. 

4. There seems to be a seasonal variation with the lowest metabolic 
rate occurring in the winter or spring and the highest in the s limmer or 
autumn. The time of year at which the metabolic rate begins to increase 
seems to depend to some extent on the personal habits of the subject. 
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I N CONNECTION with the work on the rate of absorption of cereals 
in human subjects (1) it seemed desirable to make similar experiments 
upon another animal. Mature rats were used for this pyrpose and the 
method employed was similar to the one used by Cori (2) in his study 
of the absorption of sugars. Applied to the study of solid foods, instead 
of solutions, this method has certain limitations, but the results were 
nevertheless of some interest. 

The method was briefly as follows: To each of five or six rats which 
had fasted 48 to 72 hours there was fed an exactly weighted amount of 
cereal cooked uniformly for fifteen minutes. The amount consumed was 
usually about five grams, equivalent to about a gram of the dry cereal. 
The exact time when the meal was consumed was noted in each case, and 
at varying intervals thereafter one of the group was sacrificed and the 
cereal remaining in the stomach and in the small intestine was recovered, 
ligatures being placed about the cardiac, pyloric, and ileocolic sphincters 
before the alimentary tract was removed. As a measure of the amount of 
cereal present a determination of starch seemed most trustworthy, and for 
a basis of calculation the same determination was made upon a portion of 
the original cooked cereal. 

The determination of starch was made as follows: To the cooked cereal, 
or gastro-intestinal contents, about 250 cc. of water and 5 cc. of concen- 
trated HCl were added and this mixture was boiled under a reflux 
condenser for 3 hours. After cooling, neutralizing, and making up to a 
definite volume, an aliquot was analyzed for reducing sugar by the method 
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of Bertrand with one modification: the precipitated cuprous oxide was 
separated and washed by centrifugation instead of by filtration. In the 
hands of two workers the procedure went smoothly and rapidly and the 
possibility of reoxidation was reduced to a minimum. When the dupli- 
cate analyses failed to agree, additional determinations were made. 

Since the animals of a series were not of identical weight, (usually 
150 to 200 grams) the figures for cereal (starch) fed and recovered were all 
put on the basis of 100 gram weight of rat for the purpose of comparison. 
The amoimts of cereal recovered from the stomach and small intestine 
were each divided by the amount fed and the quotients, expressed in terms 
of percentage, thus gave a measure of the amount of cereal still present 
in the stomach and remaining unabsorbed in the intestine. More than 
100 animals were used in the entire series. 

Before the results are discussed in detail two limitations of the method 
must be mentioned. The first concerns variations in the motility of the 
alimentary tract which are more pronounced with respect to solids than 
with respect to liquids. Furthermore, different animals required variable 
lengths of time to consume the meal. Some took 15 minutes; others 
required thirty. Insofar as it was possible to do so, these differences were 
equalized by using the slowly eating animals for the three and four hour 
examinations ; animals requiring a longer time were omitted from the series. 
These and other biological variations could not be ruled out except by 
sufilcient observations to treat statistically. 

A second limitation in the precision of the method concerns the validity 
of the figures for reducing sugar as an index of the amount of starch and 
cereal involved. This applies less to the original cereal sample than to the 
partially digested gastro-intestinal contents. Glucose is presumably ab- 
sorbed as rapidly as it is produced by digestion, but the method makes no 
distinction between starch and its partial decomposition products, the 
lower dextrins and maltose. The amoimt of material available was too 
small to permit a separation of these forms of reducing sugar. Despite 
these sources of error, starch was a better basis for this work than any of 
the other cereal constituents. Even in a 48-hour fasted rat the coecum 
contains considerable amounts of potential reducing material; hence the 
coecum was omitted from consideration. 

The cereals studied were Wheat Endosperm (3), “Whole Wheat” 
and Pre-cooked Oats. The rates of their passage from the stomach and of 
the absorption of tiieir starch content are shown in the accompanying 
charts, in which the amounts of cereal present in stomach and mtestine 
are plotted against time. In the construction of these smoothed curves all 
the values were used exc^t a few isolated ones shown at the extreme ri gh t 
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in some of the charts. Through delayed motility a residuum of starch was 
still present in these animab and values could not be put into the averages. 

The [curves in Charts 1, 2, and 3 represent the gradually decreasing 
amounts of the cereal foods recovered from stomach and small intestine 
and from both together, i.e., the rate of passage from the stomach and 
the rate of absorption in the intestine. 



Chart 1. — ^Average percentage amounts of wheat endosperm remaining in the stomach and 
in the intestine of rats at different intervals after feeding. 

A comparison chart is not necessary to demonstrate that the rate of 
absorption of Wheat Endosperm was slower than that of “Whole Wheat” 
during the first two hours. Thereafter they were practically parallel. 
The relations in the first two hours are, on first consideration, the reverse 
of what might be expected on the basis of the usual conception that the 
larger the food particles, the slower they are to leave the stomach. How- 
ever even a naked-^e examination of the two cereals showed that in 
Wheat Endosperm the grtuns were of fwrly uniform size while the bran- 
containing cereal had some large and some very small particles. Further, 
and as a matter of cooking experience, the presence of bran flakes prevents 
cereal from coagulating into a solid gummy mass when cooked, as is the 
case with a bland cereal. Conditions would thus be favorable in the other 
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CEAXT3.—Avera^ percentage amounts of precooked oats remaining in the stomach and in- 
testine of rats at different intervals after feeding. 












J<m,, 1930 


H. A. MATTILL AND H. G. SMITH 


221 


for the early departure of the smaller starch particles upon the measure of 
which the whole experiment depended. 

The difficulties encountered in the examination of Precooked Oats 
tended to confirm this interpretation. In order to assure uniform samples 
for the parallel analyses it was felt necessary to grind this cereal to a 
fine flour, and as the chart reveals, the stomach emptying time of this 
cereal, despite its higher protein and crude fiber content, was shorter 
than that of either of the others. The longer time required for its complete 



Chart 4. — Average percentage amounts of wheat endosperm (finely ground) remaining in 
the stomach and in the intestine of rats at different intervals after feeding. 


disappearance from the small intestine is in keeping with the usual opinion 
expressed in the phrase that it “stays by one longer.” 

It became necessary, therefore, to try the two wheat preparations 
similarly ground to a fine flour. The data from these tests are given in 
Charts 4 and 5. That they leave the stomach more rapidly in this form 
than when used directly from the package is shown in Charts 6 and 7. 
Finally on Chart 8 are the curves for the emptying time of the stomach 
for all three breakfast cereals in finely ground form. Within the limits of 
the method, the three curves are in good agreement and we have, appar- 
ently, further proof of the generally accepted fact just mentioned that the 
more finely divided a food the more rapidly it leaves the stomach. 
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Chart S. — Average percentage amounts of “whole wheat” (finely ground) remaining in the 
stomach and in the intestine of rats at different intervals after feeding. 



/ * 


Chart 6.^Average percentage amounta of wheat endoi^erm remaming in the stomach at 
different intervals after feeding, when led as obtdned from the package and when fed after being 
finely ground. 
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Chart 7. — Average percentage amounts of “whole wheat’ ' remaining in the stomach at 
different intervals after feeding, when fed as obtained from the package and when fed after being 
finely ground. 



at different intervals after feeding. AE finely ground before feeding. 
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Finely divided food spares the stomach and places more of the burden 
of digestion upon the intestine. 

In view of the apparent influence of the size of particles on the stomach 
emptying time, the effect of adding bran to the wheat endosperm cereal was 
determined. This was done on 12 animals with the finely ground material. 
The number of animals used was hardly adequate to allow of definitive 
conclusions but the addition of 15 to 20 per cent of bran produced sur- 
prisingly little change in the stomach emptying time. During the first 
two hours the curve for the finely ground material plus bran wafe less 
than 5 per cent above the zone for the cereals shown in Chart 8 and 
was well within it thereafter. The same statement may be made regarding 
the amount of cereal found in the small intestine during the same periods. 

If these general results obtained on rats are valid when applied to the 
human organism, it is apparent that the differences in rates of passage and 
absorption among the forms of cereals studied are of little importance for 
a well person. The slightly longer digestion time required by oats is of 
small consequence in a normal individual. So also is the retarding effect 
of the presence of bran; indeed, the presence of a small amount of roughage 
seemed to facilitate the emptying of the stomach (cf. Charts 1 and 2) 
perhaps by aiding the breaking up of a compact gelatinous mass. The 
increased rate of stomach emptying produced by fine grinding of the prod- 
uct (Charts 6 and 7) may be credited to the same influence and could 
perhaps be secured by longer cooking. 

Summary 

By a method described, the rate of passage of cereals from the stomach 
and the speed of absorption from the intestinal tract of rats were studied. 
Two wheat cereals, one bland, (Wheat Endosperm) the other containing 
a small amount of bran (“Whole Wheat”), and Precooked Oats were 
employed, after 15 minutes cooking. When finely ground, the cereals 
left the stomach more rapidly than in the granular manufactured form 
probably because when finely comminuted there was less tendency to 
form a gummy gelatinous mass. The addition of bran had little if any 
effect in slowing the rate of stomach emptying in the case of the finely 
groimd materials; there was evidence that the bran particles might even 
accelerate stomach passage of a compact and glue-like cereal preparation. 
Physical consistency, rather than the presence of roughage, seems to de- 
termine the time of sojourn of cereal in the rat’s stomach. 
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M ethods of research may be divided roughly into methods of 
measurement and methods for the control of those conditions 
under which measurements are to be taken. In animal experimentation, 
the methods of measurement employed include methods of collecting gas- 
eous, liquid, and solid excreta, calorimetric methods, methods of chemical 
analysis, methods of determining physical properties, such as temperature, 
and methods of taking weight and dimensional measurements. The im- 
portance of accuracy in this type of method is self-evident. For example, in 
biochemical investigations, the value of experimental results is recognized 
as dependent primarily on the accuracy of the chemical methods used. 
Experiments employing analytical methods of little, or even of question- 
able, accuracy may be practically obliterated from the literature by the 
mere demonstration of such a state of affairs. 

In the biological sciences in particular, methods for the control of those 
conditions under which measurements are to be taken are fully as important 
as the methods of measurement themselves, and in many phases of nutri- 
ion these methods assume a paramount position. The rapid expansion of 
the science of nutrition in the last twenty years is largely a direct conse- 
quence of the introduction of a method of controlling the nutrient intake of 
experimental animals by means of synthetic diets composed largely of indi- 
vidually purified constituents. The use of such diets has permitted the 
effective study of each known dietary factor with reference to any animal 
function. It has also led to the demonstration of the existence of unknown 
dietary factors and to their characterization by systematic investigation. 
The biological analysis of foods is an outgrowth of this factorial method of 
study. 

But unfortunately the effectiveness of methods of control is not so 
readily ascertained as the effectiveness of methods of measurement, and 
consequently their imperfections are not so apparent nor so clearly demon- 
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strable. Frequently the evaluation of a method of experimental control 
is more a matter of lo^c than of laboratory investigation. It is perhaps for 
this reason that fa'ulty methods of control persist in common usage 
more often and for a longer time than faulty chemical methods. The 
employment of improperly controlled experimental procedures means not 
only ineffectual experimentation, 3 rielding results defying interpretation, 
but also the acceptance as facts of experimental interpretations that are 
not securely established. Even though an experimental interpretation of 
this character ultimately proves to be correct, it must be reassessed before 
it can possess any claim to finality. 

It is a relatively easy matter to control an experiment with reference to 
the peculiarities of individual behavior by emplo 3 dng a number of animals 
properly selected, or by letting each animal be its own control in a succes- 
sion of properly selected periods of experimental treatment and observa- 
tion. The equalization of environmental conditions of temperature, humidi- 
ty, light, shelter, confinement, etc., among the different animals or groups 
of animals to be compared is generally recognized as an important 
requisite to a clear solution of the problem under investigation. In nutrition 
experiments the composition of the experimental diets is often the main 
item of concern, and frequently the greatest care is taken in the compound- 
ing of rations to the end that between any two rations only one constituent 
shall be variable. But the control of the amount of food consumed has 
always been the most neglected and the most bafiOing problem in nutrition 
investigations, and the failure to control the food intake of experimental 
animals has been the direct cause of much ineffective experimental work. 

In 1912, F. G. Hopkins published a report of feeding experiments on 
rats illustrating the importance of the food consumption of animals in the 
interpretation of such data (1). This paper possesses the historical im- 
portance of foreshadowing the discovery of the vitamins and constitutes 
Hopkins’ claim to recognition in this connection. In the experiments 
reported, young rats were offered synthetic diets made up of isolated 
proteins, fats, carbohydrates, and a salt mixture. Other rats were offered 
the same ration, but with the addition of a small amount of milk. The 
rats receiying no milk soon failed to grow, while the rats receiving the milk 
addendum, amounting to 4 per cent or less of the dry matter in the ration, 
grew normally and continuously. The food intakes of the rats were not 
controlled, but their importance in the interpretation of the experiments 
was fully recognized. Almost 10 pages of this r^rt, or almost exactly 
one third of the text, are concern^ with the question of the relation of 
the growth secured to the amount of food consumed. Only idter he was 
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able to assure himself, necessarily by indirect means, that the difference 
in the growth observed between the milk rats and the non-milk rats 
could not have been due solely to the difference in the amounts of food 
consumed, was Hopkins prepared to conclude that the milk addendum 
exerted a direct effect upon the growth processes. 

This classical experiment testifies to the fact that the proper control 
of nutrition experiments should extend beyond the control of the composi- 
tion of the diet to the control of its consumption by experimental animals. 
The painstaking care of Hopkins in making the most of a confusing sit- 
uation, apparently not anticipated in the planning of the experiment, 
established his conclusion with what appears to be a high degree of proba- 
bility, but undoubtedly the interpretation would have been more direct 
and more convincing if the food intake of his milk rats had been restricted 
to that of his non-milk rats. If one ration is superior to another in the sup- 
port of an animal fimction such as growth, its superiority should be evident 
when the intake of both rations by comparable animals is the same, either 
absolutely or in proportion to some determinant of food requirements, 
such as body weight, or a mathematical function of body weight. 
In fact, such an equality of food intake is essential to a clear-cut demonstra- 
tion of a difference in nutritive value. 

The Paieed-Feeding Method 

The problem of the control of food intake is thus an important one in 
animal experimentation; it is also a difficult one to solve. We propose 
to consider a plan of food control that seems hopeful of success, and that 
actually, in a number of laboratories, has given results capable of only one 
interpretation, surely an unmistakable earmark of effective experimenta- 
tion. 

The first experiment in the literature, in so far as we have been able to 
discover, in which this method of food control was used, is a cooperative 
experiment planned by the late Dr. Armsby in 1917 and sponsored by the 
National Research Council. The purpose of these investigations, which 
mvolved eight state agricultural experiment stations, was to compare 
the effect upon the growth of calves, as measured by body weight, body 
dimensions, and the rate of nitrogen retention, of two rations containing 
different percentages of essentially the same protein mixture. The point 
of immediate interest is the method by which this comparison was to be 
effected. To quote from the plan of the experiment: 

‘Hw idaa ocHttaiqriatet the oonqieriion of the animals by pairs, (me a n i mal tA ea<^ pair re- 
oriving the liB|^i>piotefai and one the low^ltio^n ration. The two animals of each pair should be 




228 PAIRED-FEEDING METHOD IN EXPERIMENTS Vcl.JhNo.3 


of substantially the same breed (not necessarily full-bloods) and as nearly as possible of the same 
age and weight at the beginning of the experiment. 

^*lt is desired that as many pairs be used as is consistent with the keeping of individual records. 
Lot records are of far less value. The more nearly alike the several pairs are the better, but 
uniformity in this respect is not so essential as between the two animals of each pair.” (2). 

Omitting the details of the management of the calves during the growing 
period, it is necessary to point out only two items of control as bearing upon 
the question under discussion. The first item is that “if the proportion of 
roughage in the rations proves to be too great, the quantity of oat straw 
may be reduced for both animals of a pair by the same amount per 1000 
pounds live weight.” The second item refers to theadjustment of the energy 
supply of the animals “in order, on the one hand, to prevent fattening or, 
on the other, to maintain good condition. This may be effected by varying 
the amount of starch used, but the energy supply of both animals of a pair 
must be kept the same per 1000 pounds live weight . The italics are Armsby’s. 

Although the results of these experiments were not sufficiently signifi- 
cant nor concordant to afford any definite conclusion concerning the relative 
growth-promoting value of the high-protein and low-protein rations, the 
fault did not lie in the plan of the investigations, but in the indifferent 
success with which the plan was carried out. Either intentionally or 
inadvertently the net energy intakes of the paired calves were not equalized 
as directed, so that the observed differences in growth cannot be interpreted 
with reference to the difference in protein intake only. 

The determination of the nutritive deficiencies of rations of which ex- 
perimental animals, either immediately or eventually, will not consume 
enough for the maintenance of weight, has proved to be a difficult 
problem. The results obtained cannot be interpreted on the basis of their 
face value. In laboratory investigations there is a marked tendency to 
assume that the refusal of rations by experimental an i m als is proof 
ipso facto that they are inadequate in one or more nutritive constituents. 
But this is not a critical interpretation. In experiments of this character, 
the paired-feeding method seems to offer marked advantages, and in 
actual experimental work had proved its value. 

Essentially this plan of food control has been employed with highly 
significant results in studies of the physiological effects of rations deficient 
in those water-soluble vitamins until recently unified under the term 
“vitamin B.” The particular need of control of food consumption in such 
investigations resides in the fact that the appetite of animals subsisting 
upon these deficient rations ultimately is seriously impaired, even to the 
extent of total refusal of food. The question arises, therefore, to what 
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extent are the physiological effects produced due to a specific vitamin 
hunger, and to what extent are they due to a generalized undemutrition 
or even to inanition. Strange as it may seem, this point has not been con- 
sidered in the large majority of all investigational work of this character 
on vitamins. 

One of the physiological effects ascribed to a lack of the so c^ed “vita- 
min B” is a severely depressed basal heat production. In 1922, and again 
in 1924, Gulick (3) investigated this particular relation by the paired- 
feeding method. He found that the basal metabolism of rats was indeed 
severely depressed to a level less than 70 per cent of the normal by subsis- 
tence upon a “vitamin-B-free” diet. But their food intakes were also 
severely depressed. If for each test rat, a litter mate control was fed upon 
the same diet plus a small amount of “vitamin-B” supplement (dried 
yeast), and in the same amounts, restricted in accordance with the dimin- 
ishing food consumption of the test rat, a severe depression in basal me- 
tabolism also resulted, similar in magnitude to that observed in the rat 
receiving no “vitamin B.” Thus, the depression in metabolism in rats 
receiving a ration deficient in “vitamin B” was shown conclusively to be 
unrelated to the vitamin deficiency, but to be the result of a generalized 
undemutrition. 

The results of Gulick were confirmed four years later by Drummond 
and Marrian (4), who showed that the nutritive failure in rats following 
a deficiency of “vitamin B” is virtually identical with that resulting from 
starvation, and that the starved rats exhibited nerve lesions indistinguish- 
able from those found in “vitamin-B” deficient rats. 

In the following year Kon and Drummond (5) applied the paired- 
feeding method to a similar study on pigeons. The distinction between 
the effects of inanition and those of vitamin deficiency was made possible 
by the control of the food intake of both of a pair of birds of equal weight 
to the amount voluntarily eaten by the one on the deficient diet. The ex- 
periment, which involved a number of such pairs, proved that most of the 
symptoms attributed to a dietetic deficiency of “vitamin B,” except 
adrenal hypertrophy and acute nervous symptoms, were present equally 
in the control bird and its pair mate, even the degenerative changes in the 
peripheral nerves that have been considered a specific result of a lack of 
the antineuritic vitamin. In commenting upon this remarkable outcome 
of their experiment, Kon and Drummond say, “No existing theory is 
conddered as giving a satisfactory explanation of the role of vitamin B in 
the normal organism, or of the true nature of the conditions induced by 
its deficiency.” 
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The paired-feeding method has recently been used by Rose, Stucky, 
and Cowgill (6) in studies of the relationship between the depressed 
gastric motility observed in dogs subsisting upon “vitamin-B-free” food 
and the deficiency in vitamins. Again the effects of imdemutrition (as 
well as of hunger) in the etiology of this condition were established. 

When rations are offered to experimental animals ad libitum, many 
factors, known and unknown, contribute to the determination of the 
amounts of feed actually consumed. Among the known factors may be 
mentioned the flavor, texture, nutritive completeness and available 
energy content of the ration. If two rations are being compared with ref- 
erence to their inherent nutritive values, a difference in the intake of 
each by the experimental animals is to be expected. But by permitting 
a difference in food intake to develop between animals whose growth is 
to be compared, the interpretation of the difference in growth in terms 
of the make-up of the rations is difficult and may even become impossible. 

The argument is well illustrated by experiments concerned with the 
value of common salt as a supplement to cereal rations. The condimental 
value of salt is well known, so that the mere demonstration that animals 
grow better when given cereal rations plus salt than when given cereal ra- 
tions alone may mean simply that a more liberal consumption of the rations 
has thus been induced. However, at the Nutrition Laboratory of the Uni- ‘ 
versity of Illinois (7) a ration based mainly upon com, when supplemented 
with salt, induced 50 per cent faster gains in weight of both rats and chick- 
ens than the salt-less ration, even when the food consumption of the paired 
animals was kept the same. The deficiency of com in either sodium, 
or chlorine, or both, was thus clearly established. 

A similar paired-feeding investigation with growing pigs, concerned 
with the supplemental value of ferrous sulfate (copperas) added to rations 
both high and low in iron, was reported in 1927 by Carroll and Mitchell (8). 

If the foodintakes of the pair mateshave been strictly equalized through- 
out the period of experimental feeding, the paired-feeding method is capa- 
ble of a high degree of accuracy, sudi as is needed in the detection of 
small differences in the nutritive balance of rations. For 4, 5, or 6 pairs 
the outcome of the test should be identical in all pairs, if a significant dif- 
ference in nutritive value exists between the two rations tested. The re- 
sults of the method, however, are peculiarly susceptible to simple statis- 
tical treatment, since there can be no suspicion that the selection of the 
animals interferes in the slightest with the randonmess of the differences 
between pair mates in growth, blood composition, bone composition, or 
other measurement taken. In fact, the more successful the selection of 
pair matra has been in the direction of equdity of initial capacity to grow 
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and develop on the basal ration, the more clear-cut will be the statistical 
interpretation. In contrajst with this is the ordinary group-feeding method. 
Here the more effective the selection of animals in equalizing the growth 
capacities of the groups to be compared, the more the randomness of the 
gains obtained within groups is disturbed, and the less applicable become 
the ordinary statistical methods in the interpretation of the results secured. 
And yet, without the aid of statistical methods the results of the ordinary 
group-feeding experiment frequently cannot be precisely interpreted. 

Its Appiication to the Problem of Cystine Deficiencies 

The paired-feeding method is admirably adapted to the problem of the 
determination of the amino acid deficiencies of proteins and mixtures of 
proteins, upon which their supplementary relations depend. Some work 
has been done upon the cystine deficiencies of a number of food products 
and it is this work upon which a detailed report will be made here. 

A preliminary survey of a number of foods was first made, using only 
3 or 4 pairs of rats in each case. These foods were skim milk powder, white 
bread, potato, navy beans, beef muscle, and canned green garden peas. 
The bread was a bakery product containing milk, and was dried only. The 
potatoes were baked in an oven, peeled, sliced, and dried at a low tempera- 
ture in a current of warm air. The navy beans were soaked in distilled 
water, boiled thoroughly, and dried without waste. The beef muscle was 
obtained as round steak. The lean was freed of all visible fat, ground, dried, 
and extracted with ether. The peas were a local brand of canned garden 
peas. They were boiled for about 15 minutes and dried without waste. 

After drying and grinding, all foods were analyzed for nitrogen apd made 
up into rations containing approximately 8 per cent of protein (NX 6.25), 
furnished entirely by an individual food. For each food a second ration 
was made up containing 0.24 per cent of cystine and approximately 7.76 
per cent of protein. The composition of these rations is given in Table I. 

Four pairs of rats were started upon each food, one rat in each pair to 
receive the unsupplemented ration and the other rat the ration containing 
added cystine. In each pair the rats were of the same sex, frequently of 
the same litter, and in all cases of the same weight within a few grams. 
They were kept in individual cages and fed weighed amounts of their re- 
spective rations, the food intake being controlled so that the two rats of a 
piur received as nearly as possible the same amount of food per week, de- 
termined by the rat consuming the least. After the first 5 weeks of feeding 
each rat received an additional daily vitamin supply as cod liver oil and 
dried yeast or yeast extract. All rats were weighed weekly. 




Table I 

The Composition of the Rations 
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One pair of rats on the potato ration was withdrawn from the experi- 
ment very soon after it began because of respiratory disease. Also one of 
the rats on the pea ration died after 4 weeks of feeding. 

The results of this preliminary experiment have been condensed and 
summarized in Table II. The items listed in this table are self-explanatory 
except the last, described as “comparison of weekly gains.” The corre- 
sponding figures give for each rat the number of weeks for which its gain 
surpassed that of its pair mate. In the case of equal gains, 0.5 is credited 
to each pair mate. 

In the case of beef muscle and white bread, the cystine supplement was 
evidently ineffective in promoting more rapid gains. In the former case 
in 3 of the 4 pairs the cystine rat gained the more, but of the 48 weekly 
comparisons for all pairs the control rat was ahead in 22.5 cases and the 
cystine rat in 25.5 cases, a close approximation to equality. In the white 
bread experiment, the control rat gained the more in each pair, but this 
may well have been a chance result with such a small number of pairs. If 
an event may occur with equal probability in either of 2 ways, then in a 
random selection of 4 trials, the frequencies of its occurrence in one way 
0, 1, 2, 3, and 4 times is given by the expansion of the binomial distribution 

(l+i)'. 

Its occurrence 4 times in either way would result from chance once in 16 
trials. Hence, with 4 pairs of rats, a consistent outcome favoring either 
the control or the test rats would result from chance only, twice in 16 trials. 
A detrimental effect of cystine in this case seems improbable in view of the 
results on other pairs, so that this particular outcome may well be consid- 
ered fortuitous. Of the 59 weekly comparisons among these 4 pairs of rats, 
34 favored the control rat and 25 the cystine rat. 

Among the three pairs of rats on the potato ration, the total gains of 
the cystine rats in all cases exceeded those of their pair mates, while of the 
48 comparisons of weekly gains, the cystine rat was favored in 33 and the 
control rat in only 15. The former result cannot be handled statistically 
in a satisfactory manner because only 3 pairs were used, but the latter re- 
sult may be analyzed further on the assumption that, if the cystine sup- 
plement is without value, the chances are even that in any one week on 
equal intakes of food the gain in weight from either ration will exceed that 
from the other. Hence, in the present case, if the nitrogen compounds of 
potato were not improved in growth-promoting value by the cystine 
supplement, the ideal outcome of 48 comparisons of the weekly gains 
of paired rats would be 24 favoring the control rat and 24 favoring 
the cystine rat. The question at issue is whether the deviation from this 
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ideal, obtained in this particular experiment, i.e., 33— 24 “9, could rea- 
sonably result from the operation of chance, which would have determined 
the deviation if the cystine supplement were without nutritive effect. This 
again is a proposition involving the assessment of probabilities by means 
of the binomial distribution. The standard deviation of the frequency 
distribution of the outcome of 48 events, each of which may result with 
equal p robability in either of two ways, is given by the expression VO-SX 
0,5X48,‘ which is equal to 3.46. The deviation of 9 from the expected 
outcome is 2.6 times this standard deviation. It would occur by chance 
only once in 107 trials,* so that this method of analysis indicates clearly 
that cystine actually supplemented the potato ration and induced more 
rapid gains than would have resulted otherwise on the same intake of food. 

Of the four pairs of rats on the navy bean ration, the cystine rat gained 
distinctly more rapidly in all pairs, though the rate of gain was extremely 
small in all cases. This result would have been obtained by chance once 
in 16 trials and, therefore, in itself it proves nothing. Of the 44 compari- 
sons of weekly gains in all 4 pairs, 27.5 favored the cystine rat, a deviation 
of 5.5 from the expectation, if chance alone had determined the outcome. 
The standard deviation in this case, computed as explained above, is 3.32; 
the deviation of 5.5 is only 1.66 times this value, an outcome that may have 
resulted from chance once in 10 trials. This method also fails to establish 
a sound basis for the belief that cystine has effectively supplemented the 
proteins of navy beans. However, neither of these methods of analysis 
takes full advantage of the data, since they consider only the sign of the 
differences in the gains of pair mates, not their magnitudes. In view of 
the inconclusive nature of the results obtained thus far, the analysis should 
be continued further on the latter basis. The average of the 44 weekly 
differences in the gains of paired rats is 0.932 gram in favor of the cystine 
animal. The standard deviation of these differences is 2.94 grams, and the 
probable error of the average difference, 0.30 gram. Since the average 
difference is more than 3 times its probable error, it may be considered 
significant. It appears probable that cystine has effectively supplemented 
the proteins of navy beans, but that, under the conditions of this experi- 
ment, the effect was too small to be conclusively demonstrated with only 
4 pairs of rats. 

The results with skim milk were rendered somewhat inconclusive by 
the fact that for one pair of rats the control animal gained 3 grams more 

> See R. A. Fiiher; Statistical Methods for Research Workers. Edinburgh and London, 1928. 
Chapter III. 

* According to Davenport’s Table of Values of the Normal Probability Tn t * |p%l, 
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than the cystine animal in 99 days of feeding. Of the 58 comparisons of 
weekly gains, however, the cystine rat was favored in 37.5, a deviati on of 
8.5 from the mid-value of 29. The standard deviation is this case (\/0.5X 
0.5X58) equals 3.81. The deviation is 2.23 times its standard deviation, 
and would be obtained by chance only once in 39 trials. Proceeding further 
with these differences, the average difference in weekly gain between 
paired rats with its probable error is -f 1.40 ± .43, the sign indicating that 
the cystine rats showed the larger average gain. In spite of the erratic be- 
havior of one pair of rats, the analysis may be taken to mean that, with a 
high degree of probability, cystine effectively supplemented milk proteins 
in their growth-promoting value. 

The 4 pairs of rats on the ration containing, as its source of protein, can- 
ned garden peas, gave unmistakable evidence that the dietary protein was 
deficient in cystine. In spite of the very slow gains made, the effect of the 
added cystine was clear. In all 4 pairs of rats, the total gain of the cystine 
rat exceeded considerably the total gain of its control. Of the 37 weekly 
comparisons of gains between pair mates, 34 favored the cystine rat and 
only 3 the control, an outcome extremely improbable by the operation of 
chance factors only. 

It seemed desirable to repeat the tests upon some of these foods with a 
larger number of pairs of animals, both as a further test of the method, 
and as a more satisfactory test of the foods. The fact that one pair of rats 
on the skim milk diets gave evidence contrary to that of the other 3 pairs, 
the latter evidence confirming the conclusion of Sherman and Merrill (9) 
that milk proteins are deficient in cystine, made it seem desirable to repeat 
the test on this food. Although the data on garden peas were remarkably 
consistent and clean cut, the conclusion that this variety of Pisum sativum 
possesses proteins deficient in cystine, while, according to Finks, Jones, and 
Johns (10), the field pea belonging to the same species either in the un- 
cooked or cooked condition, does not, would seem to need further investiga- 
tion. 

Accordingly the experiment with skim milk was repeated with 9 pairs 
of rats, and that with garden peas with 6 pairs of rats. Another brand of 
canned garden peas was used in the latter test. The results of the tests 
are summarized in Tables III and IV. 

In the milk test, the rat receiving the cystine supplement gained more 
than its pair mate in 10 weeks of feeding in each of the 9 pairs. This re- 
sult would have been obtained by chance only once in 512 trials. Of the 90 
comparisons of the weekly gains of paired rats, 73.5 favored the rat re- 
ceiving the cystine supplement. The ideal result, if chance alone operated. 




Table III 

The Valxje of Cystine as a Supplement to the Proteins of Whole Milk 
(All weights in grams) 
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Days fed 113 113 

Comparisim of wk. gains 5.5 10.5 
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would be 45, and the significance of the deviation of actual and theoretical 
results, i.e., 73.5 — 45 » 28.5, m ust be assessed. The standard deviation 
in this case is \/0.5 XO.S X 90 - 4.74. The deviation is almost exactly 6 
times the standard deviation and could thus hardly have resulted from 
chance. Both methods of analysis, therefore, agree in showing that milk 
proteins are undoubtedly deficient in cystine, and would be effectively sup- 
plemented by cystine-rich proteins. 

In the experiment on garden peas, the percentage of pea protein in the 
rations was initially made approximately 8 per cent, but after 3 weeks of 
feeding this percentage was increased to 12 per cent because of the slow 
growth that was being obtained. Neither ration was well eaten and the 
growth throughout the experiment was very slow. Nevertheless, in spite of 
these adverse conditions, the paired-feeding method was capable of show- 
ing unmistakably that the proteins of cooked green garden peas are defi- 
cient in cystine. All six pairs placed the cystine rat ahead of its pair mate 
in total gain during approximately 15 or 16 weeks of feeding. Such a re- 
sult would have been obtained by chance only once in 64 trials. Of the 
93 comparisons of weekly gains between pair mates, 67.5 favored the cyst- 
ine rat, a deviation from the chance expectation (46.5) of 21. This is 
4.3 times the standard deviation (4.82), and could not be considered within 
reason to be the resultant of chance factors only. 

“Student’s” method (11) for analyzing the significance of small groups 
of differences between test and control observations may also be applied 
to paired-feeding experiments such as this. The average differences be- 
tween the total gains of the 6 pair mates is 17.3 grams, and the standard 
deviation of differences is 3.83 grams. The ratio of the mean difference 
to the standard deviation, the z of “Student,” is 4.5. With z= 4.5 and » =6, 
according to the table of “Student,” the odds are well over 2000 to 1 that 
the cystine supplement was responsible for the rapid gains of the rats con- 
suming the cystine ration. 

In connection with the experiment on garden peas, the digestibility of 
the pea protein, with and without the cystine supplement, was determined 
from 7 day collections of feces, once on the 8 per cent protein ration and 
again on the 12 per cent protein ration. The coefficients of digestibility 
are summarized in Table V. 

Cystine does not seem to have affected the digestibility of the proteins 
of peas, according to these figures. On the 8 per cent ratio, the average 
coefficient for the control rats was 79.5 and for the cystine rats 77.8. On 
the 12 per cent ration, the averages were 80.0 and 80.3, respectively. 

It has been demonstrated by Mitchell and Carman (12) that the gdns 
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in weight of growing rats may not be fair measures of the nutritive values 
of the rations upon which they have been subsisting, because of the fact 
that gains may vary widely in chemical composition, particularly as 
regards fat. Does this observation vitiate the significance of the compari- 
sons of gains secured in paired-feedmg experiments? In an attempt to 


Tabie V 

The CoEiTiciENTS of DiGESTiBiLm OF Niteogen of the Gaxden Pea 
Rations with and without the Cystine SumEiiXNT 



Protein Content of Ration 

* 

Protein Content of Ration 


8 pet. 

12 pet. 


8 pet. 

12 pet. 

Pair 1 

Control 

83.8 

85.1 

Pair 4 
Control 

79.5 

83.4 

Cystine 

74.9 

80.3 

Cystine 

70.2 

79.4 

Pair 2 

Cont^l 

74.2 

78.4 

Pair 5 
Control 

77.6 

75.2 

Cystine 

90.2 

83.9 

Cystine 

79.4 

76.5 

Pair 3 

Control 

78.1 

82.8 

Pair 6 
Control 

83.7 

75.4 

Cystine 

79.8 

83.5 

Cystine 

72.2 

78.3 


answer this question, the rats in the milk experiment described above were 
analyzed after removal of the contents of the alimentary canal. The re- 
sults of this analysis are summarized in Table VI. 

With two exceptions the percentage of protein in the cystine rats ex- 
ceeded that of their pair mates, and for all pairs the protein content in 
grams of the cystine rat was greater than that of the controls. It is 
interesting to note that with Pair 2, in which the control rat and the cyst- 
ine rat gained approximately the same and attained to almost identical 
final weights, the carcass of the control rat contained 22.43 per cent of 
ether-soluble matter, while the cystine rat contained only 14.18 per cent. 
Also, the weight of protein in the latter animal was appreciably greater 
than in the former. Evidently on the same kind of food except for the 
cystine content, and on the same amouht of food, the control rat fattened 
to a much greater extent than the cystine rat. In Pair 7, the reverse seems 
to have occurred. Among the other pairs of rats the fat content of pair 
mates did not vary widely. It may be significant that the greatest diver- 
gencies among pair mates in the percentage of fat in the carcass, i.e., in 
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Pairs 2, 3, and 7, occurred in pairs made up from rats of different litters. 
The rats in Pairs 1, 5, 6, and 8 were litter mates. 

It may be concluded that these analytical data substantiate, rather than 
vitiate, the live weight comparisons of paired rats, and that in the case of 
Pair 2 they explain satisfactorily an approximate equality of gain in live 

TabueVI 

Chemical Composition op Rats Raised on the Milk Rahon with and withodt Cystine 



1 

Empty 


Percentage Composition 


Protein 


weight i 
gms. 

Dry 

matter 

Crude 
protein j 

1 

Ether 

extract 

Ash 

content 

gms. 

Pair 1 







Control 

160 

41.39 



4.00 

30.1 

Cystine 

174 

41.94 


19.03 

3.81 

31.7 

Pair 2 





1 


Control 

151 

43.51 

16.81 

22.43 

3.96 

25.4 

Cystine 

150 

36.98 

18.31 

14.18 

4.44 

27.5 

Pair 3 



1 




Control 

142 

38.68 

18.56 

15.39 

4.28 

26.4 

Cystine 

157 

37.93 

20.50 I 

13.42 

4.19 

32.2 

Pair 4 



i 




Control 

141 

41.97 

17.25 

19.04 

4.24 

24.3 

Cystine 

165 

42.22 

18.19 ! 

19.57 

3.87 

30.0 

Pair 5 







Control 

152 

38.71 

18.13 

16.40 

3.72 

27.6 

Cystine 

180 

40.68 

18.88 

16.37 

3.83 

34.0 

Pair 6 







Control 

144 

36.75 

17.94 

13.73 

3.84 

25.8 

Cystine 

169 

37.55 

19.19 

13.78 

3,99 

32.4 

Pair 7 







Control 

133 

39.58 

18.25 

17.55 

4.14 

24.3 

Cystine 

168 

45.07 

17.25 

22.94 

3.73 

29.0 

Pairs 







Control 

126 

38.58 

18.88 

15.09 

4.24 

23.8 

Cystine 

162 

40,05 

19.00 

16.41 

3.99 

30.8 

Pair 9 







Ccmtrol 

137 

39.28 

18.13 

16.16 

3.81 

24.8 

Cystine 

148 

40.33 

18.88 

16.70 

4.23 

27.9 
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weight that is at variance with the belief that cystine has effectively sup- 
plemented milk proteins. 

Summary and Conclusions 

The paired-feeding method has been used effectively in a number of in- 
vestigations in which the effect of a variable food intake must be eliminated 
to permit of a clear interpretation of the results with reference to the one 
deliberately imposed variable. Its results may be readOy analyzed by sim- 
ple statistical methods. 

The method is particularly well adapted to a study of the amino acid 
deficiencies of proteins and of the mixtures of proteins and non-protein 
nitrogenous compounds occurring in natural foods. In this experiment it 
has been used in the determination of the existence of cystine deficiencies 
among a number of food products. The results appear to justify the fol- 
lowing conclusions : 

The proteins of lean beef and of white bread are not deficient in cystine 
since their growth-promoting value for rats is not enhanced by supplement- 
ing with cystine. 

The proteins of navy beans, potatoes, milk, and garden peas are defi- 
cient in cystine in supplying the growth requirements of the rat. A repeti- 
tion of the experiments on milk and garden peas confirmed strongly the 
results of the preliminary experiments on only 4 pairs of rats. 

From the experiments on peas, in particular, it appears that the paired- 
feeding method is capable of giving clear-cut results under the adverse 
condition of inadequate food consumption by the experimental animals. 

The addition of cystine to the garden pea ration did not modify the com- 
pleteness of digestion of the nitrogenous compounds contained in it. 

Further evidence is presented to show that the fat content of the gains 
of rats made on the same amounts of rations of nearly identical make-up 
may differ widely. 

REFERENCES CITED 

1. Hopkins, F. G., Feeding experiments illustrating the importance of accessory facton in 
normal dietaries. Jour. Physid., 1912, XUV, 425. 

2. Cooperative e:qietjments upon the protein requirements for the growth of calves. BuU.Nat. 
Ru. CmmU, No. 12, 211^288, 1921. 

3. Gulick, A., The influence of a beri-beri diet upon the metabolic rate of the white rat. Proc. 
Amer. Phytiel. Soc., Amer. Jour. Pkytid., 1922, LIX, 483. Also, The basal metebolism of 
white rats in relation to the intake of vitamin B. Proc. Amer. PkysuA. Soc., Amer. Jour. 
Pkytid., 1924, LXVm, 131. 

4. Drummond, J. C., and Martian, G. F., Hie plynkflogical role of vitamin B. Fart I. The 
relatum of vitamin B to tissue oxidations. Biodtem. Jour., 1926, XX, 1229. 




Jan.,19S0 B. B. MITCBELL AND JESSIE R. BEADLES 


243 


5. Kon, S. K.f and Drummond, J. C., The physiological role of vitamin B. Part III. Study of 
vitamin B dehdency in pigeons. Btochem. Jour.^ 1927, XXI, 632. 

6. Rose, W. B., Stucky, C. J., and Cowgill, G. R., Gastric motility in vitamin-B deficiency. 
Amer. Jour, Med, ScL, 1929, CLXXVII, 307. See also, Rose, W. B., and Stucky, C. J., 
Anhydremia in rats suffering from lack of what has been called vitamin B. Proc, Soc, Exp, 
Bud, Med,, 1928, XXV, 687. 

7. Mitchell, H. H., and Carman, G. G., Does the addition of sodium chloride increase the value 
of a com ration for growing animals? Jour, Biol, Chem,, 1926, LXVIII, 165. 

8. Carroll, W. £., and Mitchell, H. H., Results of feeding copperas in paired>feeding experi- 
ments with growing swine. Proc, Amer, Soc, An, Prod,, Nov. 1927, 73. 

9. Sherman, H. C., and Merrill, A. T., Cystine in the nutrition of the growing rat. Jour, Biol, 
Ckem,, 1925, LXIII, 331. 

10. Finks, A. J., Jones, D, B., and Johns, C. 0., The role of cystine in the dietary properties of 
the proteins of the cow-pea, Vigna sinensis, and of the field pea, Pisum sativum. Jour, Biol, 
Chem,, 1922, LII, 403. 

11. “Student,” The probable error of a mean. Biomeirika, 1908, VI, 1. 

12. Mitchell, H.H., and Carman, G. G., The composition of the gains in weight and the utilization 
of food energy in growing rats. Amer, Jour, Physiol,, 1926, LXXVI, 398. 


Note. — Since this article was written our attention has been called to the fact that the 
paired-feeding method has been used by W. E. Anderson and A. H. Smith Q. Biol. Chem. 
1924, LXI, 181-191) in a study of the effect of acute scurvy on subsequent nutrition knd 
growth of guinea pigs. ^Tt was convincingly demonstrated by the carefully controlled 
methods employed that the loss of body weight observed in the present series of scorbutic 
guinea pigs at the height of scurvy cannot be accounted [for by the inanition factor 
alone. Growth in the postscorbutic stage is either parallel to or greater than that of the 
normal guinea pig and is accompanied by a definite increase of food intake.” 
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Introduction 

S EVERAL diabetic patients of the Potter Metabolic Clinic, dietitians, 
and others interested in the treatment of diabetes, have felt that the use 
of insulin brings about an abnormal gain in weight. This idea, as far as 
we can gather, has not in any case been based upon a statistical survey. It 
would, indeed, be difficult to conceive of carrying out such a study on the 
diabetic patient. The severe diabetic, before taking insulin, is imdemour- 
ished and underweight, and a gain in weight following insulin therapy is 
therefore to be expected. The mild diabetic, on the other hand, is often 
overweight. Joslin's studies (1) have shown rather conclusively that the 
incidence of diabetes is higher in the obese. When the severe diabetic on 
insulin treatment becomes obese he may be merely returning to his pre- 
diabetic weight. In the foreign literature (2, 3, 4, S, 6) there are reports 
in which undernourished non-diabetic patients gained weight under the in- 
fluence of insulin. The insulin is regarded as stimulating the appetite, so 
that a higher calorie intake of food is induced. 

In this paper two pertinent questions concerned with the effect of in- 
sulin upon body weight are considered. 1. Does the administration of in- 
sulin to the normal animal, without the simultaneous augmentation of the 
caloric intake of food, bring about an increase in weight? 2. Does the ad- 
ministration of insulin to the normal animal stimulate the appetite, so 
that more food is eaten? Rabbits were used as experimental animals. In 
one series of experiments rabbits receiving doses of insulin and controls 
not receiving insulin were placed upon weighed diets. In the other series 
the rabbits receiving insulin and the controls were permitted to eat as much 
food as they desired, a record of the food intake and body weight being 
kept. 

Exferimentai. 

Series 1. Six rabbits, 4 males and 2 females, of the same litter, were 
started at 3 months of age on a weighed diet, consisting of 87.5 gms. alfalfa 
and 26 gms. of barley totaling approximately 250 calories daily. Three of 
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these rabluts, Nos. 3, and 6, two males and one female, were given daily 
doses of 6 units of insulin subcutaneously. This was increased at the end 
of six weeks to 8 units. Rabbits Nos. 1, 2, and 4 served as controls. The 
intake of barley remained the same throughout the experiment; the alfalfa 
was increased after 5 wedis to 157 gms. per day, making the daily caloric 
intake 340, and decreased two weeks later to 120 gms., giving 280 calories 
per day. 
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Cbakt 1.— Rabbits on restricted, weighed diet of barley and alfalfa. 

U^r curves— growth and blood sugar curves of rabbits receiving daily subcutaneous doses of 
ins^. 

Lower curves— growth and blood sugar curves of control rabbits. 

The rabbits were weighed weekly. No differences in weight were observed 
between the rabbits receiving insidin and those not receiving it. The experi- 
ment was terminated at the end of ten wedcs. At this time blood sugar 
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curves following insulin were determined for all of the rabbits on the 
experiment. This was done to be sure that a sufficiently large dose of 
insulin had been given to produce a distinct hypoglycemia. 

Series II, In the second series the rabbits were given as much alfalfa 
as they would eat, and a weighed amount of barley each day. Six rabbits, 
four males and two females of the same litter, having an average weight of 
1.7 kg., were started on the diet when 6 weeks old. Rabbits Nos. 7, 8, 



Chart 2.--Rabbit8 on an unrestricted diet of alfalfa and a weighed amount of barley. 
Growth curves and caloric intake of rabbits in second series which received daily subcutaneous 
doses of insulin. 


and 9, two males and a female, were given daily doses of insulin, beginning 
with 6 units and increasing by two units each two weeks until fourteen 
units were being given daily during the last month of the experiment. 
All were fed alfafa ad lib., a record being kept of the daily amount con- 
sumed during the first two months and a quantity in excess of this given 
during the remainder of the experiment. Twenty six grams of barley were 
given dally the first month and 52 grams thereafter. 
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The average daQy intake of alfalfa for the rabbits taking insulin was 
144.5 grams, and for the controls 152.8. An analysis of the barley and 
alfafa was made in order to determine the caloric intake of the rabbits, 

Bariey Alfalfa 

Protein 9.4% 16.7% 

Fat 2.3% 1.8% 

Carbohydrate 78.7% 17.7% 

Calories per 100 gm 373.0 154.0 



Cbaxt 3.— Babbits on an unrestricted diet of alfalfa and a weighed amount of barley. 
Growth curves and caloric intake of control rabbits in second series. 

This would make their duly caloric intake as follows: 



Alfalfa 

Bariey 

Total 

Inftttlin xabbits, ht mo 

223 

97 

320 

Remfunder of experiment 

223 

m 

417 

Controls^ 1st mo 

235 

97 

332 

Remtinder of experiment 

235 

m 

429 


As can be seen from the growth curves, the increase in weight was prac- 
tically the same for the two groups of rabbits. 
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Conclusion 

Feedmg experiments Started upon young rabbits and carried through to 
maturity show that insulin does not bring about increased gain in weight 
either when the calorie intake is restricted, or when the animals are per- 
mitted to eat as much as they desire. Since the animals were not diabetic, 
no definite conclusion can be made in regard to the diabetic patient. It 
would be impossible to settle the question upon depancreatized animals 
because of the digestive disorders following the removal of the pancreas. 
It would also be impossible to establish the pre-diabetic weight of a pa- 
tient. One is, therefore, tempted to draw a parallelism between the normal 
rabbit and the human diabetic, and to say that insulin does not cause obes- 
ity in the diabetic, but merely brings him back to his pre-diabetic weight. 
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T he investigations described in this paper are a continuation of our 
work on the vitamin content of raw and evaporated milk. Previous 
papers have dealt with the amount of vitamin A and of the B com- 
plex found in the milk of the Pennsylvania State College herd, and in the 
evaporated milk made therefrom. The present data represent an attempt 
to evaluate the ossifying potency of whole and treated milk. 

In regard to the antirachitic potency of milk, published data exhibit con- 
flicting results. Steenbock, Hart, Hoppert and Black (1), using their yel- 
low corn ration (No. 2965), found that 12 cc. (daily) of cows’ milk were the 
minimum requirement for the healing of rickets in rats. Luce (2) reported 
that, 2 to 5 cc. of milk from pasture-fed cows would prevent rickets in rats 
fed on the McCollum ration (No. 3143), but that 15 to 20 cc. of milk from 
cows kept in the dark were ineffective. Hess and Weinstock (3) stated 
that, in an experiment of the preventive type, 20 to 25 cc. of milk prevent- 
ed rickets. Outhouse, Macy and Brekke (4), using the Osborne and Men- 
del rachitogenic ration, and a curative technique, found that “30 cc. of 
cows’ milk fed daily for 7 days induced marked healing of rachitic lesions 
in rats.” Differences in the environment and feeding of the cows as well 
as in rations, in animals, and in the experimental technique, make explana- 
tion of these conflicting results difficult. 

In the present experiments the milk came from the college certified herd 
which is kept under conditions carefully standardized as to rations, exer- 
cise, and light. As described in our previous papers (5, 6), the evaporated 
milks were made from the same sample as the raw milk fed, and under 
conditions approximating those used in commercial practice. In this way 
the evaporated milks could be tested before and after sterilization. From 
June until January five kinds of milk, raw (RM), vacuum evaporated (VE), 
vacuum-evaporated-sterilized (VES), air-evaporated (AE), and air-evap- 

* PubHcatioii authorized by the Director of the Pennsylvania Agricultural Experiment 
Station as technical paper No. 480. 
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orated-sterilized (AES), were fed. Before feeding, the evaporated milks 
were diluted to the concentration of the raw milks in order to compare 
them with equal volumes of the raw certified milk from wMch they were 
made. 

The animals were chosen carefully from the “Penn State strain” of pied 
rats reared in this laboratoiy on a diet the constituents of which have not 
been varied for several years (7). Each animal was placed in an individual 
cage and given the Steenbock yellow com ration (No. 2965) (8) for 21 days, 
with the prescribed volume of milk in separate doses daily. Lighting con- 
ditions were uniform throughout, and no sunshine, even through glass, was 
allowed to fall on the cages. Equal numbers of male and female rats, 21 
days of age and weighing between 36 and 42 grams, were evenly distrib- 
uted throughout the experiment. At this age the amount of ash in the 
femurs of our experimental animals averaged about 42 per cent. At the 
end of the 21-day feeding period, the rats were killed with ether and exam- 
ined carefully for beading of ribs, enlargement of joints, and softness of 
bones. The right humerus was preserved for the line test of McCollum 
and co-workers (9), and the femurs were removed for ashing according to 
our previous technique (7). The bones were dried at constant temperature 
in the electric oven for 24 hours, extracted with 95 per cent alcohol, and 
again with ether for the same length of time, dried, and ashed in a muffle 
furnace at about 600® C. On the basis of the dry extracted bone, the per- 
centage of ash and the ratio of ash to organic matter (A/R) were 
calculated. 

The data are summarized in Table I. The bone-ash recorded repre- 
sents group averages and when distinct groups were fed the same quantity 
of milk at different seasons, the averages are given separately and, later, 
together. The raw milk was fed in 5, 10, 12, 15, and 20 cc. portions. The 
5 and 10 cc. doses produced a bone-ash of 35 and 39 per cent, respectively, 
and both were below the original 42 per cent level of the bone-ash in the 
femurs at the time when the animals were placed on the experimental 
diet. The addition of 12 cc. of raw milk raised the bone-ash to 43.4 per 
cent, which is higher than the original level and yet not so high as the ash 
(53 per cent) produced in animals of the same age which have been fed 
on the stock ration for the same length of time. Since 5 and 10 cc. of raw 
milk (dmly) did not increase the bone-ash and, since the ingestion of 20 cc. 
was very difficult for such small animals during the first part of the feed- 
ing period, 10, 12 and 15 cc. quantities were chosen as the levels at which 
the evaporated milks were to be fed. 

The milks were fed from June, 1926, to January, 1927, and during July, 
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1927, the experiment was continued as before with the exception that 
equal amounts of milk-ash were fed to ascertain the contribution made by 
the minerals alone. The seasonal variations in ossification were not marked 
in animals receiving 10 cc. except in the group receiving raw milk, which 
may have been due to the feeding of small amounts of green feed to the 
college herd in June, the month in which one of the two determinations on 
raw milk was made. On the 12 cc. level seasonal variations were evident, 
in all the experimental groups in which two seasons were represented, and 
since in each case July was one of the months represented in the group, 
the ration given to the cows may account for the difference in the ossif}dng 
potency of the milk. This coincides with the experience of Luce (2) who 
found greater “ antiricketic value” in milk from the same cow when she was 
pasture fed than when eating a dry ration. 

The experimental milks were fed at the 10 cc. level and the percentages 
of bone-ash obtained were as follows; RM 38.3, VE 33.4, VES 27.8, AE 

29.5, AES 2S.S. When 12 cc. were fed, the percentages of bone-ash were 
RM 43.4, VE 39.3, VES 38.1, AE 35.0, AES 34.8. At the 15 cc. level, the 
percentages of bone ash produced were RM and VE 44.8, VES 44.1, AE 

42.5, and AES 40.3. The differences between the milks are less marked at 
this level, possibly because, with this quantity, both the minerals and the 
calcifying potency of the milk are increased to the point where deposition 
is equal or superior to loss, of bone salts. 

According to Daniels and Loughlin (10), some of the differences between 
the evaporated and raw milks may be due to the mechanical removal of a 
portion of the mineral salts from the milk by the evaporation process. 
Evaporated milks made from the same original sample by the vacuum 
method and by the air-evaporation method, when fed in the same amounts 
produce a distinct and different lowering of the bone-ash. A difference in 
the method of evaporation might produce a difference in the mineral con- 
tent and, therefore, a difference in the amount of ash in the bones of ani- 
mals to which the two types of milk were fed, but when especial care 
was taken to prevent the loss of minerals by the use of glass containers, 
sterilization again produced a lowering in the bone-ash. Therefore, some 
of the variations in the bone-ash may have been due to loss of antirachitic 
potency as well as to direct loss of minerals in the evaporation process. 

The bone-ash of the animals fed 20 cc. of raw milk averaged 48.8 per 
cent. This is nearly a normal value and agrees with the statement of 
Erauss (11), using 0.8 gm, of butter fat, that 23 cc. milk are required for 
normal bone formation in rats fed a rachitic ration. Our data on 20 cc. 
of raw milk and on evaporated milks are not in agreement with Daniels 




254 


VITAMIN STUDIES 


Vol. 11, No. 3 


and Jordan (12), but, owing to lack of detailed data in their preliminary 
report and the apparent differences in technique, we are unable to e3q>lain 
the discrepancies at the present writing. Furthermore, the amount of an- 
tirachitic factor in our milks must have been much less than that observed 
by Daniels and Jordan, since they irradiated their milk samples with ul- 
tra violet light. It has been our experience that it is often necessary to 
feed a vitamin at the “threshold” level in order to note, with certainty, 
its susceptibility to heat treatment. 

To determine the effect of the minerals alone on the rate of ossification, 
samples of raw, vacuum-evaporated, and vacuum-evaporated-sterilized 
milks were ashed. The ash was dissolved in dilute hydrochloric acid and 
made up with distilled water to the original volume of the milk from which 
the ash was prepared. One group of rats were fed 12 cc. aliquots, while 
their litter mates received the same volume of the original samples of milk. 
Unfortunately, at this time, air-evaporated milk samples were not avail- 
able, since the evaporator had been removed from the dairy plant on the 
assumption that no more milk would be needed for this experiment. 

The results of the feeding of the milk ash are shown in Table I. The bone 
of the rats which received ash from raw milk averaged 36.3 per cent, 9 per 
cent lower than their litter mates which were fed the same volume of raw 
milk. The separate groups of animals which received the two evaporated 
milks 3delded approximately the same bone-ash, 33.8 and 33.7 per cent. 
The difference between the results given by the vacuum-evaporated milk 
and the same milk sterilized is practically negligible. The three groups 
which received milk ash produced a bone-ash which does not differ mate- 
rially from that obtained with the air-evaporated milks, sterilized and un- 
sterilized. These are the samples on which the greatest amount of injury 
was noted. 

According to Chick and Roscoe (13), “ The larger variations in bone com- 
position seem to be confined to the water, fat, and mineral constituents. 
It seems probable that the value of the ratio, mineral ash: organic residue, 
might after all be the most trustworthy guide to the efficiency of the proc- 
ess of calcification.” Therefore, the A/R ratios were calculated and are 
given in the table. Compared with the percentage of bone-ash they show 
the same general trend, as the amount of bone-ash grows larger, the 
A/R ratio increases. 

The line tests showed that the wide and irregular bands of cartilage had 
little or no deposition of calcium salts in the proviuond zone of calcifica- 
tion at thdr base. M the cartilage bands became narrower and straighter, 
the line at the bases became heavier, showing that calcium salts had been 
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Table I 


Milk 

1 

1 

cc* 

Month 

No. of 

fl.nimii.lg 

Bone Ash 
percent 

A/R 

M 

Ash 

ean 

A/R 

Line test 
cartilage band 

RM 

5 


8 


.542 

35.2 1 

.542 



10 




.667 

38.3 

.622 

Wide — fairly 



Dec. 


36.9 

.584 1 


1 

regular 


12 j 

Dec. 


41.7 I 

.716 i 

43.4 

.775 

Wider than normal 



July 


45.5 

.846 



bone — regular 

(RM Ash) 

12 

July 


36.3 

.572 

36.3 

.572 

Wide — irregular 


15 

Aug. 


44.9 1 

.817 

44.8 

.812 

Narrower than 12 cc. 



Oct. 


44.6 ! 

.805 



RM — regular 


20 

Aug. 

8 

48.8 

.953 

48.8 

.953 

Nearly like normal 









bone-regular 

VE 

10 

Sept. 

9 

34.2 

.521 

33.4 

.502 

Wide — irregular 



Dec. 

6 

32.2 

.475 





12 

Jan. 

10 

36.9 

.586 

39.3 

.651 

Wider than 12 cc. 



July 

10 

41.7 

.716 



RM — regular 

(VR Ask) 

12 

July 

10 

33.8 

.513 

33.8 

.513 

Wide — irregular 


15 

Oct. 

9 

44.8 

.812 

44.8 

.812 

Wider than 15 cc. 









RM — regular 

VES 

10 

Sept. 


27.7 

.384 

27.8 

.388 

Ver}’^ wide — 



Dec. 

6 

27.9 

.395 



irregular 


12 

Jan. 


35.4 

.548 

38.1 

.618 

Wider than 12 cc. 



July 


40.7 

.688 



VE— irregular 

iVESAsh) 

12 

July 


33.7 

.511 

33.7 

.511 

Very wide — 









1 irregular 


15 

Oct. 


44.1 

.778 

44.1 

.778 

Wider than 15 cc. VE 

AE 








— fairly regular 


10 

Sept. 


29.3 

.414 

29.5 

.420 

Very wide — 



Dec. 

6 

29.8 

.432 



irregular 


12 

Jan. 

10 

35.0 

.540 

35.0 

.540 

Wider than 12 cc. 









RM — ^irregular 


15 

Jan. 

10 

42.5 

.743 

42.5 

j .743 

Wider than 15 cc. 









RM — regular 


10 

Sept. 

9 

25.4 

.340 

25.5 

.344 

Very wide — 

AES 


Dec. 

5 

25.8 

.351 



irregular 


12 

Jan. 

10 

34.8 

.534 

34.8 

.534 

Wider than 12 cc. 









AE— irregular 


15 

Jan. 

10 

40.3 

.673 

40.3 

,673 

Wider than 15 cc. 









AE— fairly regular 

Breeding 






52.9 

1.12 

Narrowband- 

ration 








very regular 
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laid down. This band became narrower and more regular as the A/R ra- 
tio and the percentage of the bone-ash increased. 

SmocARY 

Prophylactic experiments are described in which mUk was added to a 
rachitic diet. Evaporated milks made by vacuum and aeration methods 
were fed at different levels in direct comparison with the raw milk from 
which they were made. A slight seasonal variation is shown in both the 
raw and evaporated milks. 

The ossifying potency of the treated milks is less than that of the raw. 
Vacuum evaporation, aeration, and sterilization tended to decrease the os- 
sifying potency of raw milk. 

Ash, equivalent to 12 cc. of raw, vacuum-evaporated, and vacuum-evap- 
orated-sterilized milk, was fed in comparison with the original samples. 
In all cases the milk-ash showed less ossifying potency than the milks from 
which they were obtained, indicating that a part of the calcif 3 dng proper- 
ties of the various milk samples must have been due to the presence of vi- 
tamin D. 

The data obtained indicate that the milks described axe not rich in vi- 
tamin D. While commercial methods of evaporation and sterilization evi- 
dently affect the ossifying potency of milk to an appreciable degree, no 
attempt has been made to differentiate between mineral loss and vitamin 
D destruction. 
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E xperimental results have been at some variance as regards the 
etiological interdependence of the fat-soluble vitamins with caldum 
and phosphorus in rickets. The production of rickets in puppies by a 
diet deficient in fat-soluble vitamins (Mellanby) followed by a demon- 
stration of the relationship of this factor to calcium and phosphorus metab- 
olism (McCollum, Simmonds, Shipley and Park; Sherman and Pappen- 
heimer; Korenchevsky), has stimulated attempts to define the relative im- 
portance of these factors in the production of experimental rickets. 

Mellanby concluded that rickets developed in puppies whose diets were 
deficient only in the antirachitic fat-soluble organic factor. Attempts to 
produce rickets in guinea pigs (Tozer), kittens (Mackay), and pigs (Zilva, 
Golding, Drummond and Coward), by feeding a diet deficient only in the 
fat-soluble vitamins, failed. Korenchevsky and also Goldblatt produced 
rickets in rats by a diet deficient only in the fat-soluble vitamins, although 
Shipley, Park, McCollum and Simmonds, and Hess, McCann and Pap- 
penheimer concluded that there must be a deficiency both of the fat-sol- 
uble vitamin and of calcium or phosphorus to produce rickets in rats. 

Rickets has been produced in the rabbit by diets deficient in fat-soluble 
vitamin, low in phosphorus, and high in calcium (Goldblatt and Moritz). 
It was considered of interest then to observe the effects of a diet deficient 
only in the fat-soluble vitamins (A and D) on the degree of calcification of 
the bones and the development of rickets in rabbits and at the same time 
to repeat the experiment on rats. 

Experimental 

Diet. The basal diet used was essentially the same as that used for the 
production of rickets in rats by Korenchevsky and by Goldblatt. This 
diet was eaten readily by the rabbits; only 4 of the 30 observed refused 
to eat. 

Each animal received daily 5 grams of alcohol- and ether- extracted 
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and dried alfalfa liay (Goldblatt and Moritz) to supply roughage, and 
7.5 cc. of dedtrated lemon juice to supply the antiscorbutic factor. 

The animals were divided into four groups as follows. Group I received 
a normal diet consisting of milk, oats, lettuce, cabbage, and alfalfa hay. 
This diet will be referred to as (N); Group II received a complete diet 
consisting of the basal diet in which the salt mixture used was McCollum’s 
No. 185. This diet contained 0.6 per cent of Ca (determined) and 0.8 
per cent of phosphorus (calculated). With a daily intake of 5 grams of 
alfalfa hay containing 2.14 per cent of caldum (Forbes) an adequate 
caldum intake was assured. Each animal received 10 drops (about 220 
milligrams) of potent cod liver oil daily. This diet will be referred to as 
(— A+CLO). Group III received a complete diet except for fat-soluble 
vitamin, and was the same as diet (-A-f CLO), but without the cod 
liver oil. This will be referred to as diet (—A). Group IV received diet 
(— A— P),defident in phosphorus and fat-soluble vitamin, and consisted 
of the basal diet in which a salt mixture devoid of phosphorus (No. 6 of 
Korenchevsky) was used. 

Animals. Litters of young rabbits varying in age from 33 to 47 days 
were used. Each litter was divided in such a manner that comparable 
animals would be in each dietetic group. Four were placed in group I, 
eleven in group II, eleven in group III and two in group IV. 

All animals were weighed twice a week. The amount of food consumed 
daily by each animal was noted. Two animals belonging to the same group 
were kept in each cage in a room receiving no direct sunlight. 

After varying periods of observation on the diet, comparable animals 
were selected from each group and killed by bleeding from the carotid ar- 
tery. 

Blood Chemistry, The determination of calcium by the Tisdall modi- 
fication of the Kramer-Tisdall method and of inorganic phosphorus 
by the Tisdall method were made on the blood serum obtained at the time 
of death. 

Bone Analysis. The right and left radii removed at the time of autopsy 
were carefully cleaned of all adherent soft tissue and weighed separately. 
The bones were then dried for 12 hours at 110® C, weighed again and 
ashed. The ash was dissolved in 2 cc. of concentrated hydrochloric acid, 
made up to a volume of about 75 cc. with distilled water in a 100 cc. 
volumetric flask and neutralized with ammonium hydroxide. Acidification 
was then brought about with an excess of 5 drops of concentrated hydro- 
chloric add, water was added to bring the volume up to 100 cc. and this 
solution thoroughly mixed. 
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Aliquots of 2 cc. were then pipetted into each of two narrow tipped 
15 cc. centrifuge tubes to which were added 1 cc. of a 20 per cent solution 
of sodium acetate and 1 cc. of a saturated solution of ammonium oxalate. 
After standing for one hour the calcium oxalate was separated by centri- 
fuging 15 minutes at high speed and washed twice with 2 per cent ammoni- 
um hydroxide, as in the Kramer-Trisdall method for serum calcium. 

The washed calcium oxalate was dissolved in 3 cc. of N/1 sulphuric 
acid and titrated against potassium permanganate which had been stan- 
dardized against N/50 sodium oxalate. 

Two determinations of calcium were thus made on each bone, and from 
these figures and those of the bones, before and after dr 3 dng, the percentages 
of water and of calcium per wet and dry weight of bone were calculated. 

Histological Examination. The sixth, seventh and eighth ribs from the 
right side were fixed in formalin, decalcified in Muller’s fluid and stained 
with hematoxylin and eosin. 

X~Ray Examination. X-ray photographs were taken once a week 
on animals 1386, 1387, 1391, 1393 and 1400. 

All observations and data on these animals, except the growth curves 
and x-rays are recorded in Table I. There is a definite reduction of the 
serum calcium of the rabbits in group III, on (—A) diet, while there are no 
significant differences in the amounts of serum calcium in the other three 
groups. The inorganic serum phosphorus of rabbits in group IV is 
greatly reduced but is normal in the other three groups. 

In groups I, II and III there are no consistent differences in the percen- 
tages of calcium in the bones. However, the average percentage of cal- 
cium in the bones of group III is decreased per wet weight as compared with 
those in groups I and II. The figures show that the amount of calcium 
per whole bone is reduced in group III, but the number of observations 
is too small to determine, on the basis of statistical analysis, that the 
diminution in the average percentage of calcium per net weight represents 
a real decrease in the degree of calcification of the bones of rabbits on 
diet (—A). 

The rabbits in group IV show a definite reduction in the percentage 
of calcium per wet and dry weights of the bones. 

Both gross and histological examination of the bones of the animals 
in group I showed them to be normal, while those of group II were normal 
or slightly osteoporotic. There was neither gross nor histological evidence 
of rickets in miy of the animals of group III, although these animals 
were killed and examined after having been on the diet from 14 to 43 
days. There were varying degrees of osteoporosis. At the end of the 
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TabixI 


Rabbit 

No. 

IxutialAge 
in Days 

Days on 
Diet 

Weight in grains 

Blood 

mgm. per cent 

Bones 

Initial 

Final 

Ca 

P 

Ca 

Per cent 
Wet wt. 

Micro. 

Group I 





■ 




(Normal Diet) 





Hi 




1499 

49 

16 

1135 

1340 


8.76 

11.86 

Normal 

1498 

64 

24 

1312 

1460 

um 

8.00 

13.43 

Normal 


50 

24 

867 

1075 


5.63 

10.47 

Normal 

1495 

41 

33 

612 

1170 

Ira 

9.15 

10.75 

Normal 

(Averages) 





— 

— 

i 


Group 11 







i 


((-A+CLO) 







1 


Diet) 









1395 

40 

31 

360 

625 

12.69 

8.94 

8.36 

Normal 

1409 

33 

31 

660 

885 

16.89 

6.41 

9.26 

Normal 

1496 

39 

35 

562 

920 

13.56 

10.61 

9.53 

Osteoporosis 

1497 

39 

35 

597 

1020 

16.32 

8.70 

9.48 

Normal 

1408 

33 

40 

579 

1115 

16.81 

8.42 

11.82 

Normal 

1392 

43 

41 

425 

830 

12.74 

9.09 

9.79 

Normal 

1397 

37 

41 

477 

1050 

14.58 

8.10 

11.35 

Osteoporosis 

1504 

47 

42 

770 

1270 

12.46 

8.27 

9.96 

Osteoporosis 

1505 

47 

42 

780 

1360 

15.08 

7.45 

11.66 

Osteoporosis 

1393 

41 

45 

652 

1265 

15.09 

8.78 

11,85 

Normal 

1394 

41 

45 

575 

1297 

16.98 

8.42 

12.00 

Normal 

(Averages) 





14.83 

8.47 

10.46 


Group ni 









((-A) Diet) 






1 



1500 

47 

14 

870 

735 

10.75 

8.76 1 

7.66 

Osteoporosis 

1389 

40 

31 

379 

485 


i 

8.08 

Osteoporosis 

1390 

40 

31 

404 

540 

10.15 

8.85 1 

6.81 

Normal 

1410 

33 

32 

<532 

810 

14.35 

6.48 

10.27 

Normal 

1502 

47 

32 

815 

995 

8.03 

8.79 

10.02 

Normal 


39 

35 

643 

625 

7.48 

9.15 

7.50 

Osteoporoids 


37 

41 

472 

635 

8.04 

9.39 

8.04 

Osteoporous 


43 

41 

447 

580 

9.49 

5.46 

8.04 

Osteoporosis 

1503 

47 

42 

750 

780 

8.24 

6.79 

8.41 

Ostecporosis 

1501 

47 

42 


830 

8.24 

9.37 

9.65 

Osteoporosis 

1387 

41 

43 

617 

713 



10.35 

OsteofKMosis 

(Averages) 





9.41 

8.11 

8.63 


Gimq;>IV 









((-A-P) 









tMet) 









1400 

37 

45 

574 

955 

16.86 

4.34 

7.47 

Rickets 

1399 

41 

47 


1020 

15.43 

2.75 

7,23 

Rickets 
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experimental period some of these animals were still gaining weight, 
some had stopped gaining and others were on the decline. The animals 
in group IV showed moderate rickets. 

Chart 1 contrasts the composite curves of the weekly weight increases of 
the rabbits in group II and III. 



Chakt 1. — ConqKMite curves of percentage weight increase in eleven rabbits on diet (—A) 
and eleven on diet (— A+CXX)). 


Weekly x-ray photographs of rabbits 1386, 1387 and 1391 on diet (-A) 
showed no evidence of rickets nor did rabbits 1392 and 1393 on diet 
(-A-fCLO). Rabbit 1400 on diet (— A— P) showed distinct changes at 
the end of the second week indicative of rickets which became progressively 
more marked and consisted in the development of a rachitic metaphjrsis 
separating the ^iphysis and diaphysis seen at the distal end of the 
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radius, ulna, humerus, tibia, fibula and femur. There was cupping and 
imperfect calcification of the diaphysis as well as deficient calcification 
of the epiphysis. 

Experiments on Rats. 

As a dietary control 9 rats were placed on the same diets fed the rabbits 
in the following manner: 3 on diet (— A+CLO); 3 on diet (—A); 2 on 
diet (— A— P) and one on a diet deficient in the fat-soluble vitamin 
and calcium, referred to as diet (— A — Ca). In this diet a salt mixture 
devoid of calcium (No. 2 of Korenchevsky) was used. Five parts of 
decitrated lemon juice were added directly to the diet (except in diet 
(— A— Ca) in which whole lemon juice was used) and alfalfa was omitted. 

Table II 


Rat 

Number 

i 

Initial age Days on 
in Days Diet 

Weight in Grams 

Bones 

Initial 

i 

Final 

Ca 

per cent 
Wet wt. 

Micro. 

Exam. 

Group I ((— 

A-t-CLO) Diet) 

1 

■ 



1417 

38 45 

46 



Normal 

1418 

38 45 

63 



Normal 

1419 

30 45 

23 



Normal 

Group II ((- 

-A) Diet) 





1414 

38 44 i 

46 

82 

10.53 

Osteoporosis 

1415 

38 44 

71 

117 

11.36 

Osteoporosis 

1416 

30 44 

38 

70 

7.92 

Rickets 

Group III (( 

-A-P) Diet) 





1420 

30 37 

42 

83 

8.19 

Osteoporosis 

1421 

30 37 

36 

64 

5.56 

Rickets 

Group IV ((- 

-A~Ca) Diet) 





1422 

30 36 

42 

62 

6.65 

Rickets 


Calcium analysis was made on femur, fibula and tibia from both 
legs of each animal and histological examination was made on the ribs. 

Table II shows that the percentage of calcium in wet bones of rats 
on diet (-A) was distinctly lower than in those on diet ( -A+CLO) 
althoui^ not so low as m the rats on diet (— A— P) or (— A— Ca). 
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Histological examination showed the bones of rats on diet (— A+CLO) 
to be normal. There was definite rickets in rat 1416 on diet (—A) while 
the other two showed only osteoporosis. The percentage of calcium in both 
wet and dry bones of rat 1416 was markedly decreased. Of the two rats on 
diet ( — A — P) , one showed severe rickets and the other severe osteoporosis. 
The rat on diet (— A— Ca) showed rickets. 

Conclusions 

1. Rabbits fed on a diet deficient only in the fat-soluble vitamins 
(diet —A) showed no evidence of rickets at the end of from 14 to 45 days. 

2. The blood serum calcium was almost uniformly decreased. 

3. The chemical examination of the bones of the rabbits suggests 
that the amount of calcium in the whole bone was reduced. In the three 
rats on the diet deficient in fat-soluble vitamins (diet — A) the amount of 
calcium in the bone was unquestionably reduced and rickets occurred in 
one of the animals. 

The authors wish to acknowledge their thanks to Dr. Harry Goldblatt 
for his helpful criticisms and suggestions. 
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THE VITAMIN A CONTENT OF YELLOW AND 
WHITE-CAPPED YELLOW DENT CORN* 

Bv Waiter C. Russell 

{From the Department of Agricultural Biochemistry, 

New Jersey Agricultural Experiment Station, 

New Brunswick, New Jersey.) 

Xeccivwl foe PttblleatloB— July 22, 1929 

I N 1919, Steenbock (1) called attention to the association between 
certain yellow pigments and vitamin A in nature and formulated 
a working hypothesis which made the assumption that “the fat-soluble 
vitamin is a yellow plant pigment or closely related compound.” A short 
time before this, Drummond (2) had reported vitamin A to be absent from 
crystalline carotin (carrotene) but that a crude carotin fraction contained 
slight traces of the vitamin. Later, Rosenheim and Drummond (3) 
showed that fat-soluble A is not identical with carotin or xanthophyll. 
Also, Stephenson (4) found that carotin does not have the properties of 
vitamin A. More recently Widmark (S) has reported that plants which lose 
ability to form chlorophyll or lipochrome also are unable to form vitamin A. 
In 1928, V. Euler, v. Euler, and Hellstrbm (20) presented data which 
indicate that carotin preparations have a high vitamin A potency, al- 
though their contention is disputed by Duliere, Morton and Drummond 
(21), and a recent report (1929) by Collison, Hume, Smedley-MacLean 
and Smith shows that carotin from cabbage fat has high vitamin A 
potency (22). 

Soon after the suggestion of the above relationship by Steenbock, 
Palmer (6) called attention to exceptions to the hypothesis, the basis 
for the exceptions being chiefly the resiilts of his investigations (7) and 
that of himself and Kempster (8) on the relation of plant carotinoids to 
the animal organism. Also Drummond and Coward (9) failed to find the 
association noted by Steenbock to prevail in all cases. 

A study of a variety of substances by Steenbock and his associates (10, 
11, 12, 13, 14,) confirmed the general relationship between the yellow 
pigments and the presence of vitamin A but they noted that the amount 
of vitamin does not always parallel the pigment content. The suggestion 
was made (1, 12) that possibly the pigment is in a leuco form in cases in 
which the vitamin content is high and the pigmentation slight. Such a 

* JootBtl Snkt paper of the New Jen^ Agiicultaial i^qteriiaeiit Station, Dqiartment of 
Agricultural Biortnmiitry. 
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suggestion would aj^ly in the case of the colorless fats noted by Dnunmond 
and Coward (9) and Palmer, Kennedy and Kempster (IS). The latter 
authors review and discuss critically the data and the hypothesis concerning 
the relationship of yellow pigments to vitamin A. 

Of particular interest in the present report is the comparison of the vita- 
min A content of white and yeUow maizes by Steenbock and Boutwell (10), 
who showed the vitamin to be present in the yellow variety but not in 
demonstrable amounts in the white. Also, numerous practical feeding 
trials have demonstrated the superiority of the yellow variety as a 
source of vitamin A. 

In view of the local production of white-capped, yellow dent corn 
it was of interest to determine quantitatively the amount of vitamin 
A in this variety as compared with that of the yellow variety, for the infor- 
mation of the stock feeder. There was also in mind the possibility that the 
data might be an addition to that already existing on the relation of vitamin 
A to pigments. 

Experimental Procedure 

The procedure for the determination of vitamin A was essentially 
that outlined by Sherman and Munsell (16) except where otherwise 
indicated. The breeding colony ration was Sherman’s No. 13, consisting 
of 2 parts ground whole wheat, 1 part whole milk powder and 2 per cent 
of the weight of the wheat as sodium chloride (17), modified by the 
incorporation of 10 per cent meat scrap (Swift’s) at the proportionate ex- 
pense of the wheat and milk. Young white rats, weaned at 28 days of age 
and weighing between 35 and 55 gm., were placed upon a basal, vitamin 
A-free diet, which was essentially that described by Sherman and Munsell, 
Diet No. 380, but modified to include the antirachitic factor. It was com- 
posed of purified casein 20 per cent, Osborne and Mendel (18) salt mixture 
4 per cent, sodium chloride 1 per cent, dried yeast 10 per cent, com starch 
63 per cent, and 2 per cent of olive oil, containing 25 mg. cholesterol per cc., 
the oil and dissolved cholesterol having been irradiated with a quartz 
mercury-vapor lamp for 30 minutes at 60 cm. The vitamin B complex was 
determined in the yeast and if sufficiently potent the amount was decreased 
to 5 per cent and the com starch increased correspondingly. 

During the pre-test period the animab were kept in groups but during 
the test period they were confined in individual cages. After transfer to 
the individual cages, yeast and the olive oil solution of cholesterol were 
removed from the basal diet and fed as separate supplements, 300 mg. to 
500 mg. of the former, depending upon its potency, and 5 drops of the latter 
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per day (except Sunday). Cornstarch replaced these two ingredients in 
the basal diet. 

The animals were assigned to the test and control groups so that litter 
mates appeared in each group. Insofar as possible an equal distribution of 
sexes was made. 

The depletion period averaged 5 to 6 weeks. An individual was ready for 
the test period when growth had definitely ceased, no gain made in 3 to 
5 days, and it was considered desirable to have some evidence of ophthal- 
mia. In practically every case an eye disturbance was observed, which 
varied from the whitening of the edge of the lid and loss of the usual 
beady appearance to a complete closure of the eye with marked reddening. 
The opthalmias were cured during the first week of the test period. 

The material under examination was ground fine and fed as a daily 
supplement (except Sunday). On the basis of preliminary feeding trials 
it was estimated that 500 mg. of the yellow com per rat per day and 750 mg. 
of the white-capped, yellow dent variety would allow an average gain of 
3 gm. per week for an 8-week experimental period. For the white-capped, 
yellow dent variety a local strain of Mercer White-Capped, Yellow 
Dent was used, and a supply of yellow dent from a local dealer for the 
yellow variety. 

Discussion 

The average net gains for the eight-week test period were 34 gm. (P.E. ± 
2.9) for the group of 10 animals fed the white-capped yellow dent variety, 
and 40 gm. (P.E. ±1.5) for the group of 11 fed the yellow variety. The 
difference between the two means, 6, is not quite twice the probable error, 
3.2, of the difference between the two means (19). Hence the difference is 
not significant and the growth response is considered practically identical 
for the samples. Table I displays a summary of the results. 

Since the same growth response was obtained with 500 mg. of the yellow 
variety as with 750 mg. of the white-capped, and both responses were 
less than normal, the yellow variety may be said to be about 50 per cent 
more potent with reference to vitamin A than the white-capped. 

Although this information is available only in the case of a laboratory 
test animal, the white rat, it is suggested that when com is relied upon 
as a source of vitamin A in a livestock ration, more of the white-capped 
variety be used than of the yellow, especially if the amount of the latter 
recommended is not much more than enough to meet the vitamin A require- 
ments. The meal obtained by grinding white-capped yellow dent com is 
of a lighter yellow color than that of the yellow dent. These findings are 
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in accord with those of Steenbock and Boutwell (10). The pigmentation of 
the white-capped variety is less than that of the yellow but greater than 
that of the non-pigmented, white variety, the last named variety being very 
deficient in the A factor according to Steenbock and Boutwell. The vitamin 

TabixI 


SmuASY 01 Rat Gkowih Rzcosdb, Vitaion A Test 


Supplement 

No. of 

Av, Weight 
beginning of 
test period 
gm. 

Av. Weight 
end of 
test period 
gm. 

Av. Gain eight 
wk. test period 

Difference and 
the probable 



gm. 

error 

500 mg. 
yellow dent 
com 

11 

93 

133 

40 (P.E.*±1.S) 


750 mg. 

white«capped 

ydlowdent 

10 

94 

128 

34(P.E. ±2.9) 

6±3.2 

Controls, no 
supplement 

13 

95 

Av. wt. at 
deathr-77 gm. 
Av. survival 
period~-19 days 




•P.E.-0.674S A/ 

V »(«-!) 


A content of the white-capped variety is intermediate between that of the 
yellow and white varieties. 


Conclusions 

1. Yellow dent com was found to be about 50 per cent more potent with 
reference to vitamin A than a white-capped yellow dent variety. 

2. The more highly pigmented variety contains the greater amount 
of vitamin A. 

3. When the white-capped variety is used in compounding a ration, 
consideration should be given to the lower vitamin A content, as compared 
with the yellow dent variety. 
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Introduction 

I N A recent contribution from this laboratory Cox, Smythe, and 
Fishback (1) have shown that ‘‘young rats of 60 gm. or less develop 
acute toxic nephrosis when restricted to synthetic diets containing 
0.3 to 0.9 per cent of free cystine.’’ The observations made on loss of 
appetite and weight, enlarged kidneys, death of some rats, and recovery of 
others without change of ration, were similar to those of Hartwell (2) 
using rations containing 20 per cent of edestin. Hartwell suggested 
that some specific amino acid was responsible for the indisposition of the 
rats and our work indicates that cystine may be the causative agent. 
She found that if the vitamin B of the diet, supplied by marmite, were in- 
creased sufficiently the symptoms of the disease did not appear. 

Hartwell’s success in preventing kidney injury due to edestin suggested 
the experiments reported in this communication in which we have studied 
the effects of a varying supply of yeast extract on the development of 
cystine nephrosis. 

We have used the Diet C of Cox, Smythe, and Fishback as our basal 
ration. (See Table I.) To produce nephrosis, we have used Diet 3 in 
which 0.3 per cent of cystine replaces an equal amount of the casein 

Table I 

Composition of Diets 



Diet C. 

Diet 3. 


per cent 

per cent 

Casdn 

15.0 

14.7 

Cystine 

0.0 

0.3 

Dextrin 

40.0 

40.0 

Sucrose 

15.0 

15.0 

Lard 

19.0 

19.0 

Cod liver oil 

5.0 

5.0 

Salt mixture* 

4.0 

4.0 

Agar agar 

2.0 

2.0 


** Osborne and Mendel (3). 
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of Diet C. It is worthy of note that the casein that has been used through- 
out these studies of cystine nephrosis has been a conunerdal casein 
labeled ‘‘Free from Water-Soluble Vitamln-B” supplied by the Harris 
laboratories. For yeast extract we have used the Osborne and Wakeman 
(4) vitamin-B fraction of yeast (Yeast Vitamin, Harris), supplied in two 
different ways. It has been fed separately in the form of piUs made with 
SOmg.of the yeast concentrate and 100 mg.of dextrin. In other experiments 
it has replaced differing amounts of dextrin in the ration. 

We have encountered variable resistance of rats to the effects of cystine 
and have attempted to determine whether it is inherent, or due to dietary 
influences previous to the experimental period. One group of rats from a 
commercial source did not show symptoms of nephrosis within ten days. 
Another group, obtained from another laboratory, had been bom and rear- 
ed on a ration containing 20 per cent of dried brewer’s yeast. The rats of 
this latter group showed symptoms of a distinctly milder order than the 
rats from our colony, bred and raised on a normal stock ration. 

Our procedure has been as follows. When the rats of a litter have at- 
tained body weights of about 35 gm. they are placed in individual cages 
and offered the experimental diet, ad libitum. They are weighed daily but 
the food int^e is determined Only for the total five day period. After 
the fifth day both food and rats are weighed daily. At the end of ten days 
they are killed and the kidneys removed and weighed. These kidney 
weights are compared with those of Donaldson (S) and those of the other 
rats of the litter. 

In some of our first experiments the above observations were considered 
sufficient. But in the case of the rats in which it was desired to study 
the intensity of the disease, the non-protein nitrogen of the blood at death 
was determined by the procedure previously used (1). All kidneys were 
preserved in 10 per cent formaldehyde and many of them were prepared 
for histological examination. 


EXPEKnCENTAL 

As all the data of this investigation are interrelated we have condensed 
them to average values which we present in Table II. Hie response of 
both sexes to the diets was apparently the same. Rats from one litter 
were distributed among the related groups. In the columns under the head- 
ing of “Kidney Weights’’ we have considered the weights of Donaldson as 
100 per cent. Our figures are based upon the nuLTimmn weight attained 
by the rat. 

Our first experiment tested whether increa^g the number of pills 
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containing 50 mg. of yeast vitamin (Harris) would prevent nephrosis. 
Group I (see Table II) was on the casein diet without added cystine. 
Group n, receiving no yeast extract, served as control. Other Groups, 
III, IV, V, and VI received daily 1, 2, 3, and 6 pills representing SO, 100, 
150, and 300 mg. of the yeast extract. The latter was about the limiting 
amount that would be ingested by the rats and frequently one or two of the 
pills would not be consumed. 

The rats of Group I did not grow rapidly due to lack of cystine in the 
ration but no symptoms of kidney disorder appeared. Rats of Groups II 
to V inclusive developed nephrosis as indicated by loss of weight and ap- 
petite during the second five day period and by kidney hypertrophy. 
The symptoms were progressively less intense as the yeast extract supply 
was increased. Four rats of Group III and two rats of Group IV died 
on the ninth day of the experiment, all showing the typically enlarged 
kidneys. Rats of Group VI receiving 300 mg. of the yeast extract showed 
no symptoms of the disease. 

The rats of Groups V and VI at times did not consume the entire 
supply of the yeast extract pills especially during the first three or four 
days. To meet this exigency the powder was incorporated in Diet 3 
replacing an equal amount of dextrin. These rations which contain 1, 
5, and 10 per cent of the yeast extract are represented by Diets I-V, S-V, 
and 10-V respectively. The rats of Group VII were not protected from the 
cystine, but those of Groups VIII and IX showed no symptoms. Based 
on the food intake of the first five days these latter rats received respec- 
tively about 250 and 500 mg. of yeast powder daily. Group I received 
about 50 mg. Two of the rats of Group I died on the ninth day of the 
experiment. Blood was not obtained from them and 165 mg. represents 
the non-protein nitrogen of the blood of the six survivors. 

The rats of Group X to XIII inclusive were bom and reared to the ini- 
tial weights shown in the table on a ration containing 20 per cent of dried 
brewer’s yeast. They were also from different stock than the rats of the 
preceding groups. Their evident resistance to the effects of free cystine 
in the diet led us to breed rats from our own stock but fed a ration con- 
taining 20 per cent of brewer’s yeast. The rats of Groups XIV and XV 
were from three litters born and reared on the stock ration shown in Table 
III. The rats of Groups XVI and XVII are from three litters from the 
same parents as Groups XIV and XV but supplied throughout the breed- 
ing, gestation, and lactation periods with the yeast ration of Table IV. 

Cystine nephrosis developed as usual in the rats of Groups XV and 
XVII ingesting free cystine, indicating that the diet previous to the ex- 
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perimental period has little or no influence on the susceptibility of the rats 
to the disease. Resistance may be hereditary but more data than we present 
are necessary for proof. 

Examination of the kidneys of representative rats of the various groups 
revealed lesions, in general, the same as those reported by Cox, Smythe, 
and Fishback (1). 


Table III 


Stock Ration 



per cent 

Alfalfa . . . . 

10 

Meat scraps . . . 

12 

Casein 

12 

Sodium chloride . . 

1 

“Red Dog” Flour 

65 


To the above diet 20 gm. of dried brewer’s yeast, 20 gm. of cod liver oil, and 1 cc. of a 0.1 
per cent solution of potassium iodide per kilogram were added. Milk was fed ad libitum. Each 
rat received 2 gm. of compressed baker’s yeast daily, and 1 dog biscuit and 40 gm. of lettuce 
twice a week. 


Table IV 
Yeast Ration 

per cent 

Casein . . . 30 

Yeast 20 

Dextrin .... 46 

Salt mixture* 4 

Wheat germ oil, 5 drops daily 
Cod liver oil, 5 drops daily 

* Osborne and Mendel (3). 

Discussion 

It is apparent from the data presented in Table II that there is some 
substance present in the Osborne and Wakeman vitamin B concentrate 
of yeast that protects young rats from cystine nephrosis. The active 
factor may play a very special role in the metabolism of cystine or the 
excretion of that amino acid or its metabolic products. On the other hand, 
it may be necessary for the disposal of amino acids in general. 

Hartwell’s (2) experience in preventing kidney injury due to edestin by 
the use of autoclaved marmite indicates that the active substance is not 
identical with the antineuritic factor. The very special manifestation of 
the deficiency, the rapid development of the symptoms, the brief period 
of the rat’s life during which susceptibility occurs, and the recovery of rats 
without any change in diet indicate that the active factor is not identical 
with any of the known accessory food substances. 
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Difference of (^>inion exists relative to the development of renal injuries 
due to hij^ protein diets. As Mitchell (6) has pointed out recently, those 
investigators who have had positive nephritic findings have generally 
employed diets that were not demonstrably complete. Maclean, Smith, 
and Urquhart (7) have shown that rabbits on diets from which green 
food is excluded become nephritic and that the inclusion of cabbage 
leaves in the diet, which may be very high in protein, prevents kidney 
injury or cures it if it has developed. They have suggested that “fresh 
vegetables may be more important than the usual abstention from protein 
food” in the treatment of nephritis. Our observations on the efficacy of 
yeast extracts in nullifying the nephrotoxicity of cystine suggest the pos- 
sible use of such active extracts in the treatment of human nephritis. 

The large amount of yeast extract that we have found necessary as a 
preventative dose indicates either that yeast is not particularly rich in the 
active factor, or that the Osborne and Wakeman procedure does not 
concentrate it. Definite proof of the individuality of the factor which 
prevents the cystine nephrosis must await the exclusion of other known 
dietary factors, especially the anti-pellagric. 

Summary. 

Cystine nephrosis in very young rats may be prevented by the inclusion 
in the diet of sufficient of the Osborne and Wakeman vitamin B concen- 
trate of yeast. 

The active substance of yeast extract which protects rats from cystine 
nephrosis is probably distinct from any of the known accessory food 
factors. 

The susceptibility of young rats to cystine nephrosis is probably 
hereditary. 
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E veryone connected with the swine industry recognizes that there 
is a tremendous loss in pig raising due to the large number of deaths 
which so often occur during the early growing period. Data show that 
about 35 per cent of the pigs farrowed are lost during the nursing period. 
There are many factors which probably influence this excessive death rate, 
but undoubtedly one factor is the large prevalence of anemia in suckling 
pigs. The recognition of anemia in suckling pigs is recent and the detailed 
facts regarding its cause and prevention are rather meager. 

McGowan and Crichton (I, 2) were pioneer investigators in this field. 
They not only observed the presence of anemia in suckling pigs when con- 
fined indoors, but also studied the symptoms of this disease and made sug- 
gestions as to its prevention. These workers noted that anemia was exceed- 
ingly prevalent in British pig breeding establishments where the sows were 
brought into houses, put in pens with concrete floors, and fed a dry ration 
during the farrowing period. The sows would farrow normally but when 
the pigs were from three to four weeks old, they took on a “stocky” ap- 
pearance due to oedema of the skin. The breathing became pumping in 
character and “thumps,” a spasmodic jerking of the diaphragm, developed. 
Death was common and often entire litters perished. On post-mortem ex- 
amination, the heart was found to be greatly dilated, there was an excess 
of pericardial fluid, and the lungs were oedematous with effusion into the 
pleural cavities. The blood was extremely watery and pale, the hemoglobin 
often being as low as 15 per cent of the normal. In the cases which con- 
tinued to live, the animals became very emaciated, ceased to grow, and 
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lost their appetites. Diarrhoea was present in a large number of the pigs* 

McGowan and Crichton believed the chief cause of this disease to be an 
iron deficiency. When the sows were out of doors they obtained abundant 
iron from the grass and the soil, but when they were kept indoors, owing 
to the concrete floors and the nature of the food, the supply of iron de- 
creased. Excellent results were obtained both in the amelioration of the 
anemia from which the pigs were already suffering and in its prevention 
in the younger pigs when large doses of ferric oxide were fed to the 
sow. The British workers were in doubt as to whether the beneficial 
effect noted in the young pigs when the sows were fed ferric oxide was due 
to a more abundant source of iron in the refuse and feces of the sow, or to 
an increased iron content of the sow’s milk. They suggest that the effect 
is probably not due to any change in the composition of the milk. 

This specific question was one of the reasons which prompted us to in- 
vestigate the effect of diet on the iron content of milk. We were unable to 
make this investigation on sow’s milk but we did find that increasing the 
iron content of the rations fed to cows and to goats did not increase the 
iron content of the respective milks (3). Undoubtedly this fundamental 
fact also can be applied to the pig. 

Doyle, Mathews, and Whiting (4) have observed the same condition 
as reported by McGowan aSad Crichton in young suckling pigs reared by 
sows kept indoors. These workers have made an excellent study of the 
symptoms of this disease, including both the gross and microscopic path- 
ological changes. They concluded that the anemia was not influenced by 
the vitamin supply in the ration nor by the addition of ferric lactate, but 
it was markedly affected by some factor in outside conditions. Although 
they did not analyze the out-of-door factor which played an important 
part in hemoglobin formation, they have demonstrated by recent work (5) 
that irradiation by means of a quartz mercury vapor lamp has no bene- 
ficial effect on the hemoglobin content of the blood of young pigs. 

An extensive study of the factors affecting hemoglobin synthesis in 
several species of animals when restricted to milk diets has been underway 
at this station during the past five years. Definite knowledge of these fac- 
tors was gained when it was demonstrated that copper is essential as a 
supplement to iron for normal hemoglobin synthesis (6). 

^th this fundamental fact in mind wewished to extend our studies to the 
pig in addition to the rabbit, the chick, and the rat. We have demonstrat- 
ed that the rabbit and the rat must be restricted to a milk diet for some 
time after the normal weaning period in order to produce a severe anemia. 
We were interested, therefore, in determining if the pig differs from these 
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animals and is susceptible to severe anemia during the suckling state. If 
this is true, then a study of the factors which will prevent this condition 
is of much value. The effect on the hemoglobin content of the blood of 
suckling pigs, of feeding iron and copper salts to the sow during the gesta- 
tion period, and to the young after their birth, is an important question to 
be answered. 


Expekimental 

Work with Pigs after Weaning Period 

The first part of this study consisted of following the hemoglobin con- 
tent of the blood of pigs placed, shortly after weaning, on a diet quite low 
in iron. Iron and copper additions were also made to this ration compara- 
tively low in iron, to determine if the hemoglobin content could be modified 
by these salts. Thirty gilts weighing from 40 to 60 pounds were selected 
from the general herd of pigs at the University swine bam. They were 
started on the experiment June 19, 1928, which was about two weeks after 
most of the pigs had been weaned. The thirty gilts were divided into ten 
lots of 3 pigs each in such a manner that each lot contained one Poland 
China, one Duroc Jersey, and one Chester White pig. All the groups were 
kept indoors and each lot placed in a pen with concrete floor and partial 
wooden overlay. The pens were equipped with a concrete trough for 
feeding purposes. 

The basal ration consisted of yellow com 99 parts, common salt 1 part, 
and skim milk; 3 pounds of the latter were fed for each pound of grain mix- 
ture. Each pig was also allowed 50 cc. of cod liver oil per week. One lot 
received only the basal ration while varying amounts of iron and copper 
additions were fed to the other lots. The additions made to the rations 
fed each of the groups were as follows: 

Group 1, Basal 

Group 2, Basal plus 10 mg. iron per pig daily 
Group 3, Basal plus 50 mg. iron per pig daily 
Group 4, Basal plus 250 mg. iron per pig daily 
Group 5, Basal plus 2 mg. copper per*pig"daily 
Group 6, Basal plus 50 mg. iron and 2 mg. copper per pig daily 
Group 7, Basal plus 50 mg. iron and 10 mg. copper per pig daily 
Group 8, Basal plus 50 mg. iron and 20 mg. copper per pig 
Group 9, Basal plus 50 mg. iron and 50 mg. copper per pig daily 
Group 10, Basal plus FetOt, 0.5 pound per 100 pounds grain mixture and 
2 mg. copper per pig daily. 
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All the iron additions except in Lot 10 were made as ferric sulphate, 
FeiCSOOs, and all the copper additions were made as copper sulphate 
CUSO 4 . The salts were dissolved in water and made to definite volumes. 
Amounts of these solutions equivalent to the quantity of iron and copper 
to be fed were added to the milk daily. 

Weights of the animals were taken weekly. Hemoglobin determinations 
were made at the beginning of the experiment and every two weeks there- 
after during the first part of the experiment, and every mpnth during the 
latter part of the study. The blood was obtained by tail bleeding and the 
hemoglobin determined by the Newcomer method. 

The results of the hemoglobin determinations are given in Table I. 
Each figure is the average of the hemoglobin values for the three sows in 
one lot. 

A study of the figures shows that the great majority of them fall be- 
tween 8-10 grams per 100 cc. of blood. This range is undoubtedly the 
normal hemoglobin value for pigs. The hemoglobin values for the three 
sows receiving the basal ration alone are well within this range. This 
ration, although low in iron, must furnish a sufficient amount, together 
with what may be picked up in the refuse, to allow normal hemoglobin 
building during the period of growth following weaning. K these pigs 
had been anemic during the suckling stage, they had improved enough by 
the time the experiment was started to show a normal blood stream. The 
hemoglobin content of the blood from sows receiving varying additions 
of iron and copper was no higher than that of the sows receiving the basal 
ration. The sows fed the Fe»0» gave hemoglobin values slightly lower 
than the other sows. We have no explanation for this result. Another 
interesting fact is that the hemoglobin values for all groups were the low- 
est during the second month on the ration, which is probably due to the 
rapid rate of growth during this time. 

We used all the sows in this experiment because then we could study the 
effect of these additions upon the hemoglobin values in the young pro- 
duced by the sows on the various rations. The sows were therefore bred 
during the winter so that the young would be farrowed during April and 
May. 

Work with Pigs During the Suckling Period 

The first sow to farrow was No. S 20 in Group 1 . We present the curves 
for the hemoglobin values of two of the rieven pigs in this litter, in Chart 
1. These curves are t}rpical of the blood changes which took place in all 
rile pigs of this litter. Every pig in this litter which received no addition 
to the mother’s milk was dead within seven weeks. 
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We were not surprised to find this picture with the pigs farrowed from 
this sow because she had received only com and milk which are low in iron 
and the low intake of this elemerft may have caused low iron reserves in the 
young. However, we were surprised Jto find that every litter farrowed by 
these sows, without regard to the iron and copper addition to the basal 
ration, exhibited identical blood changes. Chart 1 gives a curve drawn 
from the average of the hemoglobin values of all the pigs which did not 
receive any additions after birth. The blood changes are identical with 
those described by McGowan and Crichton and by Doyle and coworkers. 
The other symptoms observed were also so similar to those described by 
these workers that it is unnecessary to discuss them further. 

It is very important to note that pigs farrowed from sows receiving 
large additions of iron and copper develop anemia just as rapidly as the 
pigs farrowed from the sows on the basal ration. For the purpose of com- 
parison we also present in Chart 1 the curves of the hemoglobin changes 
in two pigs from the litter farrowed by Sow No. 331 in Group 9, which had 
received daily additions of 50 mg. of iron and 50 mg. of copper during the 
entire gestation period. The slope of these curves is just as great as that of 
the upper curves shown in Chart 1 representing the pigs from the sow on 
the basal ration. 

The facts demonstrate that the rate of anemia development in young 
suckling pigs is not affected by liberal additions of iron and copp>er to 
the ration of the sow. We can conclude therefore that the reserve supply 
of iron and copper in the pig at birth cannot be increased by feeding the 
sow these salts. The analysis of the livers taken from some of the pigs 
at birth gives results which agree with this conclusion. The livers were 
removed from the pigs directly after birth, dried, and analyzed for iron 
and copper. A few of the results for pigs farrowed by sows fed the basal 
ration and sows fed this ration plus iron and copper additions alre ^ven 
in Table 11. The iron content of the livers from the pigs farrowed by sows 
receiving 50 mg. iron daily wa!s no higher than the iron content of the livers 
from the pigs farrowed by sows on the basal ration. The average of the 
figures for the copper content of the livers from sows receiving high levels 
of this element is slightly higher than the figures for the livers from the 
pigs farrowed by sows on the basal ration. However, the figures are not 
strikingly different, and more data are required before one could conclude 
that the coi^r content of the livers of young p4;s at birth is influenced 
by the copper ccmtent of the sow’s ration. The inability to definitely in- 
crease the reserve of blood forming elemmits in the pig at birth substan- 
tiates the findings in this laboratory of lindow, Peterson, and Steenbock 
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(7) who showed that feeding large amounts of copper to rats during the 
gestation period did not delay the development of anemia in the young 
and did not increase the copper content of the young at birth. We can also 
conclude that the iron and copper content of the sow’s milk is not in- 
fluenced by the ingestion of these salts. This conclusion is in accord with 
our recent work (3, 8) which demonstrated that the iron and copper con- 
tent of cow’s milk and goat’s milk cannot be increased by feeding iron and 
copper salts in the rations of these animals. 

Table II 

The Effect of the Sow’s Ration on the Ikon and Coffee 
Content of the Livek of the Pigs at Birth 


Pig No. 

Farrowed 
by sow 
in Group 

Daily additions to 
the sow’s ration 

Iron content 
of dried liver 
per cent 

Copper content 
of dried liver 
per cent 

Iron 

Copper 

2 

I 

none 

none 

0.1520 

0.0163 

11 

1 

none 

none 

0.1160 

0.0183 

R. 1 

V 

none 


0.0895 

0.0254 

R.2 

V 

none 

2 mg. 

0.0946 

0.0294 

R.3 

V 

none 

2 mg. 

0.1270 

0.0200 

42 

VIII 

50 mg. 

20 mg. 

0.0974 

0.0254 

43 

VIII 

50 mg. 

20 mg. 

0.2020 

0.0305 

45 

VIII 


20 mg. 

0.1740 

0.0320 

B. 1 

IX 


50 mg. 

0.1280 

0.0341 

B.2 

IX 

i 50 mg. 

50 mg. 

0.0860 

0.0306 

B.3 

IX 


50 mg. 

0.0904 

0.a320 


We felt that a study of the effect of the ration on the rate of anemia 
developmrat in the young was of such practical importance that the 
study should not be confined to restricted rations supplemented with iron 
and copper but should also include more practical rations. Therefore 
nine additional sows were selected from the general herd shortly after 
they were bred and divided into three lots of three sows each. Lot I was 
placed on the regular winter ration used by the Swine Department, con- 
sisting of yellow com 35 parts, oats 29.5 parts, wheat middlings 20 parts, 
tankage 5 parts, oil meal 5 parts, chopped alfalfa 5 parts and salt 0.5 parts. 
Lot II received the basal ration of milk and com used for the other series 
of sows and Lot III the same basal ration plus 100 mg. of Fe and 20 mg. 
of Cu per pig daily. These sows also received cod liver oil for protection 
against ridtets. 

When these sows farrowed, the hemo^obin of the young was followed 
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to note any difference in the rate of anemia development. The amount of 
hoao^bin in the {ngs at birth was normal as we had found with all the 
othw The average hemoglobin at birth for the pigs in the three 
lots was as follows: Lot I, 7.77 gm.; Lot II, 7.91 gm.; Lot III, 7.42 gm. 
As the pigs grew they all developed anemia regardless of the ration fed to 
the sow. The curves given in Chart 2 show that pigs farrowed from a sow 
fed a practical ration come down with anemia just as rapidly as the pigs 
from the sows fed the basal ration. 

Treatment of Anemia in the Suckling Stage 

Since the reinforcement of the sow’s ration with iron and copper does 
not protect the young pig, the problem centers around the direct feeding 
of these elements to the suckling pig. Solutions of Fes(S 04 )B were prepared 
so that 1 cc. contained 25 mg. of Fe and solutions of copper sulfate were 
made so that 1 cc. contained 5 mg. of Cu. The ferric sulfate used contained 
small amounts of copper as an impurity. Dosages of 1 cc. of the solutions 
were then fed to the pigs with the aid of a pipette. Some of the pigs were 
given the iron alone, others were fed both the iron and the copper. The 
hemoglobin curves for four pigs from Sow 406 which are litter mates of 
pigs 109 and 110 whose hemoglobin changes are shown in Chart 2 are given 
in Chart 3. Pigs 112 and 113 received 25 mg. of Fe per pig daily and pigs 
114 and 115 received 25 mg. of Fe and 5 mg. of Cu daily. Chart 4 similarly 
shows the hemoglobin changes in four pigs from Sow 306 which are litter 
mates of pigs 101 and 102 whose curves were shown in Chart 2. Pigs 
103 and 104 were fed iron alone and pigs 105 and 106 were given both 
iron and copper. When the curves presented in these charts are compared 
with those in Chart 1 for the pigs restricted to sow’s milk only, the effec- 
tiveness of the iron and copper treatment is definitely established. The 
response obtained by either iron alone or both iron and copper was ex- 
ceptionally rapid, the hemoglobin reaching the normal level in two weeks 
and remaining at that value as long as the experiments were continued. 

The iron and copper feeding to the suckling pigs not only stimulated 
hemoglobin sjmthesis but also increased the amounts of these elements in 
the livers of the young pigs. In Table III are given the quantities of iron 
and copper present in the livers taken from the pigs farrowed by Sow 
No. 306 wh«i the young were 51 days old. Two pigs in this litter had 
ret^ved only sow’s milk during this pmod, two had received 25 mg. of 
inm and two had received 25 mg. of iron and 5 mg. of c(^f^r during the 
last 45 days of the period. The iron content of the livers from pigs 101 
and 1^ had decreased to about 1/10 the amount normally present in the 
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liver at birth. Similarly the copper content decreased to about 1/5 of 
the amount found in the livers at birth. The iron content of the livers 
from the four pigs which received the iron additions for 45 days had in- 
creased to three times the amount in the livers from anemic pigs. The 
copper content of the livers from the two pigs fed iron alone was not in- 
creased, but the livers from the two pigs fed both iron and copper contained 
about three times the amount of copper found in the livers of the anemic 
pigs. However, the figures for the iron and copper content did not reach 
the amounts found in the liver at birth. It is important to note that the 
hemoglobin regeneration was rapid in the pigs receiving, the iron alone, 
even though the copper content of the livers was not increased. 


Table III 

The Effect of Iron and Copper Feeding to Suckling Pigs on 
THE Quantity of These Elements in the Liver 


Pig No. 

Pig's Ration 

Iron in 
dried liver 
percent 

Copper in 
dried liver 
per cent 

101 

Milk alone 

0.0128 j 

0.00373 


Milk alone 


0.00450 


Milk plus iron 

0.0330 

0.00431 

104 

Milk plus iron 

0.0314 

0.00650 

105 

Milk plus iron and copper 

0.0386 

0.01300 

106 

Milk plus iron and copper 

0.0296 

0.00880 


Further proof of the effectiveness of iron feeding is shown in Table 
IV. Hemoglobin values for the entire litter from Sow No. 331 are tabu- 


Table IV 

The Effect of Iron and Copper Feeding on the Hemoglobin Content of the Blood of 
Suckling Figs. Record of Sow No. 331 which farrowed 7 nos May 6, 1929 
Grams Hemoglobin per 100 cc. Blood 


No. of 

Age in Bays 


1 

D 

14 

15 

23 

30 

38 

46 

53 

60 

42 

7.94 

4.30 

2.75 


3.57 

dead 



Wm 


43 

8.28 

5.47 

3.77 

— 

3.48 

3.55 

3.15 

2.96 

lEI 

2.71 

44 

5.69 

3.25 

2.12 

Iron added 

6.37 

7.08 

8.79 

9.66 

Hi 

10.36 

45 

8.52 

5.69 

3.08 

Ircm added 

6.74 

8.40 

9.35 

8.79 

11.82 

9.21 

46 

8.65 

5.37 

3.38 

Iron and 

6.45 

7.62 

8.40 

9.84 

10.94 

9.66 

47 

8.92 

4.96 

2.92 

copper added 
Iron and 

6.04 

7.83 

8.52 

9.48 

11.82 

10.94 





€cqq>6r added 
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lated, wluc^ show the condign of tdood stream in two pigs allowed 
only the sow’s milk, in two pi^ receimg iron additions, and in two jags 
getting both iron and copper supplements. Again we see that very rapid 
improvement takes place in the blood stream, whether the iron is fed alone 
or the iron is supplemented with coj^)er. Ihe records presented in the 
table and the charts are typical of the improvement noted in all the 
pigs which received the iron treatment. 

These results are in accord with those obtained by McGowan and 
Crichton (2) when they fed ferric oxide. These workers fed large quantities 
of ferric oxide to the sow and found that the anemia in the young was pre- 
vented by this treatment. The young pigs were undoubtedly benefited 
by the consumption of some of the iron in the feces. The iron in the ferric 
oxide must have been made more available during its passage through the 
digestive tract of the sow, because we have found that feeding ferric 
oxide directly to the young ameliorates anemia very slowly. In Table V 

Tabie V 

Tbe Enxcr or Fesbic Oxidb Feeding on ihe Heuoglobin Content or the Blood or 
SucKUNG Pigs. Record or Sow No. 382 which earrowed 6 nos May 15, 1929 

Grams Hemo^bin Per 100 cc. Blood 


No. of 

Age in Days 

Pig 

1 

10 

19 

27* 

37 

42 

49 

56 

140 

6.60 

3.98 

5.42 

4.53 

5.86 


3.48 

3.79 

141 

9.85 

5.98 

6.04 

4.92 

3.40 


6.99 

7.08 

142 

7.08 

4.76 

5.52 

5.08 

4.27 

4.88 

5.98 

4.76 

143 

7.08 

3.66 

4.23 

4.53 

3.98 

5.47 

5.80 

5.52 

144 

6.24 

3.48 

2.93 

2.76 

3.57 

5.47 

4.06 

4.23 

145 

6.17 

5.13 

dead 







* Iron additions equivalent to 125 mg. Fe^i per pig started 27tli day. 


are given the figures which show the blood changes in anemic pigs when 
they were fed daily 125 mg. of FesOi by capsule. These results show that 
the best means of preventing the anemia, or curing it after such a condition 
exists, is the feeding of a soluble iron salt directly to the young pig. 

Work with Pigs Fed Cow's Milk 

In all the work with the suckling pigs care was taken that the pigs 
were restricted entirely to sow’s milk, i.e., access of the young pig to the 
sow’s ratbn was prevented as much as posidble. The sows were removed 
to other pois whm th(^ were fed, thereby eliminating the presence of 
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food in the pens where the young pigs were kept. Even when these pre- 
cautions were taken the pigs had access to the sow’s feces. In order to 
eliminate this difficulty and to determine if iron and copper additions 
would bring about hemoglobin regeneration under more restricted condi- 
tions, some of the pigs were taken from the sow when 3 weeks old and fed 
cow’s milk. Incidentally this procedure allowed us to determine what 
effect cow’s milk has on the rate of anemia development. 

In Chart 5 we present the hemoglobin values for three pigs; one on 
cow’s milk alone, one on cow’s milk plus an iron addition, and one on 
cow’s milk plus both iron and copper additions. The iron used for these 
pigs was a purified FeCls free from copper. We wished to determine if iron 
alone would prevent the anemia in the conditions under which these pigs 
were fed, or if it was necessary to add both iron and copper. It is seen 
from the chart that a pig becomes just as anemic when maintained on 
cow’s milk as when allowed the sow’s milk. The pig fed the pure FeCU 
made almost as rapid recovery as the one fed both iron and copper. There 
may be two reasons for this fact. First, the iron reserves in the young pig 
may be depleted first and as soon as this element is supplied, hemoglobin 
synthesis takes place without the additions of copper. Second, the pigs 
were not placed under as restricted conditions as were the smaller animals 
used in our earlier experimental work, and were probably able to acquire 
small amounts of copper. 

From a practical point of view, the feeding of iron is the important pre- 
ventative of anemia in suckling pigs. However, it is entirely possible 
that the importance of copper can be demonstrated by keeping the pigs 
under very restricted conditions and allowing them to remain anemic for 
some time to insure a heavy drjun on the copper reserves. 

These pigs were kept indoors with no access to sunlight or other out- 
side factors ; still both the pigs fed the iron and the one fed iron and copper 
grew normally and were normal in every way when the experiment was 
discontinued. This shows that iron together with copper present in the 
reserves of the animals or acquired from the refuse will correct all the 
hemo^obin-forming deficiencies in sow’s milk and that outside factors 
are not necessary for the prevention of anemia in suckling pigs. Further 
proof of this fact is given by the following work. Nine pigs were taken 
from the sow when about three weeks old and placed on cow’s milk. When 
all the iMgs were anemic, two were left on the basal ration of cow’s milk; 
two were fed the basal ration plus 25 mg. of Fe as pure FeCl* daily; one 
was fed 25 mg. of Fe daily as pure FeCU and 5 mg. of Cu as CuSOi*, 
two were placed on the bi^ ration and exposed ten minutes daily to a 
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quartz ntereuiy vapor lamp; and tivo were kept on tke basal ration and 
mcposed thirty minutes dally to sunlight. Ute results of this work are 
given in Table VI. The response to the iron feeding is id(mtical with all 
other pigs given iron, but it is readily seen that the ultraviolet light and 
sunlight are not effective in promoting hemoglobin synthesis. 

Tabib VI 

Th£ Eftect of Diffbkbnt Tssatvekts on im Anbioa in Pigs 
Restwcted to Cow^s Milk 


Grains Hemoglobin Per 100 cc. Blood 


No. of 1 


Days After Treatment was Started 


Kg 

0 

Treatment 

8 

15 

22 

432 


Basal 

5.37 

5.32 


434 


Basal 

5.37 

5.04 


435 

4.43 

Iron 

6.31 

6.67 


433 

5.98 

Iron 

8.28 

8.34 

10.01 

430- 

4.76 

Iron plus copper 

8.28 

10.01 

11.54 

1435 

3.89 

Ultra violet light 

3.66 

3.29 

2.98 

439 

4.68 

Ultra violet light 

4.1S 

4.30 

4.37 

437 

3.79 

Sunlight 

2.64 

2.25 

2.00 

438 

3.22 

Sunlight 

2.37 

2.00 

2.00 


Discussion 

The demonstration of the presence of anemia in practically 100 per cent 
of the pigs studied may raise the question of why still greater losses 
are not encountered in pig raising. It is well to remember that all the 
pigs used in this study were restricted in pens with practically no access 
to other food than the sow’s milk. When pigs are farrowed out of doors 
they start to root in the soil and consume green grass and soil material 
at a very early period in life. Apparently, in most cases, enough iron and 
copper are consumed to prevent severe anemia. When the pigs are kq)t 
indoors they become very anemic in three weeks time, if they do not 
consume additional food. In some cases we have noted gradual regenera* 
tion of the blood stream when the pigs consumed only amounts of 
the sow’s ration. If large amounts were consumed and the ration were 
richm* in iron, the regeneration would undoubtedly have been much more 
rapid. However, in many cases the pigs succumb to anitmiii. before they 
are <rid enough to hunt their own food. 

The simplest way to insure against anemia is to allow the young {dg 
sufficient inm. Just how the iron is su^died, whether by the direct ad- 
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ministradoa of iron or by the reinforcement of easily accessible food, 
apparently makes little difference. The solution of the entire problem lies 
in supplying the pig with iron during the period when milk constitutes 
the sole ration. 

Conclusions 

Sows restricted, shortly after weaning, to a yellow-com-skim-milk 
diet and to floored pens maintain a normal hemoglobin level during the 
entire growing period. The addition of varying amounts of iron and copper 
to the ration does not increase the quantity of hemoglobin in the blood. 

The pigs farrowed by these sows invariably develop a severe anemia 
in 3 to 4 weeks. The hemoglobin falls from a normal of 8 gm. per 100 cc. 
of blood at birth to 3 to 4 gm. per 100 cc. in a period of a few weeks. The 
feeding of considerable amounts of iron and copper to the sow does not delay 
the development of anemia. 

Pigs farrowed by sows fed a practical winter ration developed anemia 
as rapidly as those from sows fed the basal ration of milk and com. 

The anemia in the suckling pigs is rapidly cured by the administration 
of iron and copper salts. The feeding of iron alone stimulates hemoglobin 
synthesis as well as when the iron is supplemented with copper. 

Suckling pigs changed to a diet of cow’s milk continue to develop 
anemia as rapidly as when allowed to remain with the sow. Under the 
experimental conditions, which we could establish with these pigs, the 
addition of pure Feds, copper free, to the cow’s milk, cures the anemia and 
maintains the pig in normal condition. The exposure of pigs on a cow’s 
milk diet to ulatraviolet light and sunlight does not stimulate hemoglobin 
synthesis. 

The severe anemia prevalent in suckling pigs kept indoors can readily 
be cured or prevented by administration of soluble iron salts. 
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Cham I.— la this chart are presented the hemogtobia curves for pigs restricted entiiely to 
sow’s ndlk and farrowed by sows recdvii^ different iron and c(^r additions to a basal ra ti on iri 
yrilow com and skim miffc. Kmoglolan determiaatioas were nuuie at weekly periods. The rata 
oi anonia devdopmmt in suckling ^ is not affected by the iron and copper intake of the sow. 
The cross at the end of tiw curve denotes death. 
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CbaBX 2.--Thie curves in thUdinrt show tiie decrease in the h«noglotun content of the blood 
of pigs fanowed by sows on differmt laticHU when restricted mtirdy to sow’s milk. The diet of 
thesowhssnoeffactonthenteatwhidianemkdevdopsin the young pigs. 
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CBASf Fuitlier cnmt ate ^ea in this cluut dioiriiiK the effect of iron and copper 
adannutmtio&a to young pigt restricted entirely to tow’s milk. The line across the hemoglobin 
curve kdicatet the p(dnt at iriiich the additioos to the ration were made. 
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OuMX 5. — The above carves show the effect of ina and copper additions to pigs restricted 
to a rari(»><d coir’s milk. The hemogbbiacd the blood is maintained at a normal levdirhethM 
pore FeCU is fed alone or whether it is sopplemeated with eoiq^. The line across the hemo^obfas 
curve indicates the pdnt at which the additions to the rathm were made. 
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W HELE the laxative nature of bran has been appreciated since 
the days of Graham (1794-1851), the causation of its laxative 
action has received desultory study since the first investigation of Jordan, 
Patten, and Hart (1) in 1906. Chemical analysis of bran shows that it 
contains many substances which might act as laxatives. Some of these 
constituents are: 1. — Undigested carbohydrates such as crude fiber and 
pentosans occurring as part of the cell membrane. 2. — The ash of bran, 
which amounts to about 6 per cent of the unwashed bran and is distributed 
in part as follows according to Sherman: (2) 


Caldum 

0.120 

per cent 

Magnesium 

.. 0.511 

« a 

Potassium 

. . . 1.217 

u u 

Sodium 

0.154 

u u 

Phosphorous 

1.215 

u u 

Chloride 

. 0.090 

u u 

Sulphur. . 

0.247 

u u 

Iron 

0.0078 

M U 


It can readily be seen that there is an abundance of minerals definitely 
known to be laxative (as e.g. magnesium and sulphur). 3. — A compound of 
phosphorous and carbohydrate known as phytin to which has also been as- 
cribed potency as a laxative. 

Stjmmaky or Peevious Reports 

One of the earliest experimental reports dealing with the laxative 
nature of bran was by Jordan, Patten and Hart in 1906 (1). They were the 
first to suggest that bran owed its laxative nature to a contained phos- 
phorous compound known as phytin. Certainly this seemed to be the case 
with cows for, they write: “In our attempts at transition from one ration 
to the other we soon learned that it was not possible to change the cow 
suddenly from a ration rich in phytin to one low in this compound and 
keep the animal in nonnal health. Such a change caused her to become 
seriously constipated and recourse to a purgative was necessary.” They 
secured a ration rich in phytin by using unwashed bran and one low or 
absent by using wheat bran whit^ had been allowed to soak over night 
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In WAter sUgfa% acid to litmus. They further studied the metabolinu of 
thu pil»>^orotts contdaed in phytin and concluded that alter bdng 
reduced to inorganic phot^horous combinations it was excreted chiefly 
la the feces and slightly in the urine. 

Iheir analyses of both the unwashed and washed bran showed that 
the washing had removed the greater portion of the magnesium and po* 
tasMum compounds and but very little of the calcium compounds. They 
give this table: 


‘ INOXOAMIC CONSItrOEMTS OF BXAM BBFOKB AMS AREK LEACBIHO 



P 

CaO 

MsO 

KiO 

Totals 


% 

% 

% 

% 

% 

Whok bran 

1.420 

0.182 

0.894 

1.580 

4.076 

Washed bran 

0.145 

0.380 

0.162 

0.084 

0.971 


It is thus seen that bran washed in acidified water not only contains little 
ph 3 rtin but also has a markedly lower mineral content, especially of such 
laxative mineral compounds as the magnesium salts. 

They sug^ted that the true source of the laxative action of bran lay 
therefore in its contained phytin rather than in the fiber. 

Shortly after the previous publication, Mendel and Underhill (3) 
reported on the phyaological action of phytin in the dog and the rabbit. 
They found that the compound was readily absorbed and had no character- 
istic effects upon the hedth of the animals. However, the phosphorous of 
the phytin in both the dog and the rabbit was almost entirely eliminated 
througdi the kidneys rather than the feces — quite the opposite of the cow 
but similar to the situation in man. They thought that this mode of ex- 
cretion of the phytin-phosphorous might be intimately related to its 
laxative action, for in the dog and rabbit purgation could not be constantly 
provoked. If the ph 3 rtin-pho 8 phorous had been excreted by the intestine, 
then, perhaps, it would have formed inorganic phosphorous compounds 
(e,g., sodium phosphate) which might then have acted as a laxative. 

In 1909, Hart, McCollum, and Humphrey (4) studied the question 
further, u^g the cow as an eiqperimental animal. They confirmed the 
easier work showing the laxative effect of phytin in the cow, furthermore 
roain ta iniog that in this an im al crude fiber had but little effect in rdleving 
oontdi^tion. Th^r also noted that ‘Vhen the washed bran ration was 
supplemebted with a quantity of magne^um and potassium as ddorides 
and sulphates, equivaleBt to these b«M8 resimved in the washing process, 
a sudden change tiom the whole bran to the washed bran ration could 
be made without in any way modifying the diaracter of the feces whidh 
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remained normal.” This again tended to support the hypothesisof Mendel 
and Underhill that phytin owed its cathartic nature to laxative mineral 
compounds that were formed in its katabolism and were excreted through 
the gut. 

The latest report dealing with the subject is that of Williams (5). 
Dogs were used as the subjects of the experiments. They were fed a syn- 
thetic control diet, made according to Cowgill’s method (6), to which 
were added varying amounts of crude fiber or other test objects. The num- 
ber of defecations and the total weight of dried feces in each metabolism 
])eriod were used as the criteria of laxation. The washed bran used in 
these experiments was prepared by washing it with cold water until it 
gave negative tests with iodine. The bran was then dried and used. It 
.should be pointed out that washing bran with water alone will not remove 
all of the phytin. Averill and King (7) have shown that extraction with 
water alone causes wheat bran to lose about half of its phytin content 
but not much more. The washed bran used by Williams had a content of 
crude fiber of 17.24 per cent; of ash 3.12 per cent; and of pentosans, 
36.94 per cent. He found that washed bran possessed a markedly laxative 
effect and that most of this laxative effect could be produced by the crude 
fiber of the bran. 

The chemical nature of phytin has been most thoroughly investigated 
by R. J. Anderson (8). He concludes that the phytin of bran is probably 
inosite hexaphosphate, C6Hi80s4P6. Naturally occurring phytin is mainly a 
mixed calcium, magnesium, and potassium salt of inosite hexaphosphate. 

'I’he phytin content of food stuffs has been studied by Averill and 
King {loc. cit.) and by E. Arbenz (9). Both find the phytin content of 
wheat bran to be 4.5 per cent. 

Experimental Procedure 

To investigate this subject more fully a series of experiments was 
performed using the white rat. Special metabolism cages were constructed 
in such fashion that the feces were separated from the rat as soon as voided. 
(See Figs. 1 and 2). Non-scattering diet cups were used. The feces were 
collected every 24 hours and were placed in a drying oven (kept at 70° C). 
It was not feasible to measure the output of wet feces since considerable 
drying occurred at room temperature. The weight of the dry feces for 
the total experimental period was then determined after the feces had 
come to constant weight in the drying oven. The beginning and end of 
each feeding period was determined by carmine which usually took from 
18 to 24 hours for appearance. 




Fig. 2. — Component parts of metabolism cage for collection of rat feces. 
Description of parts at bottom of page opposite. 
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In tlie first nperiment, a group of rats was fed a basic diet which 
contained no bran, fiber, phytin, or bran-ash. In subsequent experiments 
varying amotmts of these substances were added to the basic diet to deter- 
mine the effect on laxation. 

Two basic diets were used differing only in the source of their protem 
— in the one casein, in the other dried beef powder. It was found that the 
consumption of the casein diet was not sufficient in many cases to main- 
tain the weight of the adult rats used but the beef diet was satisfactory 
in that regard. The basic casein and beef diets consisted of the following: 


Casein 

. . 18.0 

Dried Beef Powder 

is.o 

Starch 

. 53.0 

Starch 

.. . 61.0 

Salt miiture (Osborne & Mendel) . 

.. 4.0 

Salt mixture. . 

. . 4.0 

Laid 

. . 20.0 

Lard 

. 17.0 

Cod liver oil 

.. 3.0 

Cod liver oil 

... 3.0 

Yeast concentrate^ 

.. 2.0 

100.0 

plus daily vitamin B tablet 

100.0 


The results of feeding these diets to a group of 6 rats are summarized in 
Table I. 

Table I shows that the 6 rats on the basal casein diet excreted an average 
of 7 stoob daily with a total dry weight of 258 mg. and individual weights 
of 38 mg. The 2 rats on the basal beef diet excreted an average of 3.8 
stools daily with a total dry weight of 220 mg. and an individual weight 
of 59 mg. 

Three criteria of laxation may be used with the rat: 1. The dmly 
number of stools, 2. The dry weight of each stool, 3. The total dry 
weight of stool produced daily. Hence one may observe a double action of 
laxatives; 1. — ^in increaang the number of stools, 2. — in increasing the 
weight of each stool. Either of these independently may increase the total 
daily weight of the feces and this separate effect was observed. 

1. Three oimce wide-inouthed bottle with diioking tube six indies hmg and 5/16 in. in di- 
uHter. 

1 Nwncnt t e ri ng food aqi oonsisting <A, 

a. 200 cx. tell beako-, 3ii in.X2H in. 

b. wide-mouthed 2 os. bottle with mouth 1 3/16 in. wide. 

3 . CUuM hmnd, 0 hi. die. 

4 Wire seieea, ^ in. die., 1/16 in. mesh. 

S. Wtt senea, OM in> H in. medt. 

4 GWbouilted iiw cage, 8H in. die. 

7. Cnphelder. 


‘"VeiBX.’ 
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It will be noted that half of the rats on the basal casein diets lost 
ccmsiderable amounts of weight probably due to their failure to ingest 
sufficient amount of the diet. It is possible that their stool production 
was somewhat subnormal but not sufficiently so to invalidate their use 


Table I 

The ErrecT on Fecal Peoducxion or Basic Casein and Beee Diets 


Rat No. 

No. days 
on diet 

Change in 
rat wt. 
grams 

Diet* 

grams 

Diy 

stool* 

mg. 

No. of 
stools* 

Av. wt. 
ea. stool 
mg. 1 

Type of 
stool 

Typeai 

diet 

1. 

9 

-20 

4.7 

238 

6.0 

40 

small 

casein 

2. 

9 

-40 

3.2 

203 

7.6 

27 

u 

tt 

3. 

9 

- 3 

6.SS 

245 

5.6 

44 

u 

tt 

4. 

9 

-20 

5.0 

264 

8.7 

30 

tt 

u 

5. 

9 

- 2 

6.9 

300 

8.9 

34 

u 

tt 

6. 

9 

+ 1 

6.35 

300 

5.5 

55 

tt 

tt 

AVs of casein 









aeries 


-14 

5.78 

258 


38 

small 


4. 

5 

+ 4 

5.2 

216 

isl 

49 

tt 

beef 

5. 

5 

+ 6 

4.4 

224 

3.2 

70 

tt 

tt 

Av. of beef 









series 


+ s 

4.8 

220 

3.8 

59 

small 



* Daily averages. 


in determining the average. If we arrange the 6 casein rats according to 
the daily grams of diet ingested, the following series may be constructed. 

Daily diet Av. Total daily Daily no. Wt. each stool 


Rat no. in grams. stool in mg. stools in mg. 


2 3.2 203 7.6 27 

1 4.7 238 6.0 40 

4 5.0 264 8.7 30 

6 6.35 300 5.5 55 

3 6.55 245 5.6 44 

5 6.9 300 8.9 34 


In general the rats with higher food intake have a somewhat larger w eig ht 
of daily stools but there is no constant effect either upon the number of 
stools or upon the weight of each stool. 

After determining the stool production of rats upon the basal fiber-free 
diet, they were fed diets containing unwashed bran, phytin-free bran, 
bran fiber, bran ash, and phytin with the purpose of ascertaining to what 
constituent bran owed its laxative nature. The imwashed bran had a 
crude fiber content of 9 per cent as determined by the method oi the 
Association of Official Agricultural Chemists (10). Its ash contmt was 
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6 per cent. Its phytin content was not determined, but analyses by Averill 
and King and by Arbenz (he. cit. supra) show that the phytin percentage 
of bran is 4.5. 


: Two rats were fed a diet containing 2.5 per cent of bran. The diet con- 


sisted of the following: 

Unwashed bran. ... . . 2.5 

Casdn 18.0 

Starch .... SO. 5 

Salt mixture (O. & M.) . . . ... 4.0 

Cod liver oil 3.0 

Yeast concentrate 2.0 

Lard 20.0 


100.0 


Table II is a summary of the results. 


Tabu; II 


The Errecr on Fecal PKODCcnoN of a Diet Containing 2.5 Peb cent Bean 


Rat No. 

No. 

days 

on 

diet 

Change 
in rat 
wt. 

grams 

Diet* 

grams 

Bran* 

mg. 

Fiber* 

mg. 

Phytin* 

mg. 

Ash* 

mg. 

Dry* 

stool 

mg. 

No. of 
stools* 

Av. wt. 
of ea. 
stool 
mg. 

TVpeof 

stool 

1. 

9 

-10 

6.8 

m 

m 

mm 

10.2 

329 

m 

44 

small 

2. 

6 

- 2 

6.S 


wm 


9.7 

269 

Di 

38 

u 

Averages 



6.65 


iH 

WSm 

9.9 

299 

Wm 

41 

u 


* Daily averages. 


It is thus seen that when rats eat bran at the average rate of 166 mg. 
daily there is little if any laxative effect. Both these rats weighed about 190 
grams and one may therefore calculate that a daily ingestion of unwashed 
bran of 0.9 grams per kilogram of rat weight is without appreciable effect 
on laxation. On the other hand, the addition of the bran to the diet did 
increase its palatability to the rat for we find increased ingestion with slight 
gains in weight; upon the basal casein diet both these rats had lost weight 
markedly. 

Unwashed bran was next fed to a group of .3 rats at a dietary level of 
5 per cent. The diet consisted of the following: 


Unwashed bran 


5.0 




... 18.0 

Starch 


.. .. 48.0 

Salt mixture (0. & M.) . . 


. 4.0 

Lwd 


. . . 20.0 

Cod liver oil 


. . . 3.0 

Yeast ooncentrate 


2.0 


Total 

100.0 
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The results of feeding the 5 per cent bran diet are summarised in Table 

m. 

When bran is ingested at the rate of 300 mg. daily or over one beg^ 
to see its laxative effect. This effect is three-fold: 1. — There is an increased 
number of stools, 2. — there is an increased total weight of dried stods, 
and 3. — ^there is a slight increase in the sise of each stool. This third result 
is better seen in the fresh stool than by considering the weight of the dry 
stool. The bran feces are apparently more moist than the normal feces 
and the increase in the weight of the individual stool would probably be 
more marked if one were to compare moist weights rather than dry weights. 
The increased moisture content of feces produced by feeding bran was 
also noted by Williams (5) in the dog. 

It should be observed in connection with this feeding experiment 
that whereas the feeding of 0.9 gram of bran per kg. of rat was without 
laxative effect, the feeding of amounts above 1 .42 gm. per kg. was definitely 
laxative. Both rats 5 and 6 (See Table III) ingested about 300 mg. of 
bran daily but rat 6 had a greater fecal output and ate 1.94 gm. of bran 
per kg. whereas rat 5 ate 1.42 gm. per kg. Rat 7 showed an enormous 
mcrease in all items, especially in daily number of stools, in total dried 
weight of stool, and in grams of bran per kilogram. The dry wei|^t of 
the individual stool was but slightly affected. 

To study the effects of bran Ut a high level of intake a diet was fed 
which contained 10 per cent of unwashed bran. This diet was composed 
of the following: 


Unwsslied bran 10.0 

Casdn 18.0 

Staich 43.0 

Salt miztuie (0. Si M.) 4.0 

Laid 20.0 

Codliva’cA 3.0 

Yeast concentrate 2.0 


Total 100.0 

It was fed to a group of 6 rats and the results are tabulated in Table IV. 
This table has been arranged according to the level of daUy ingestion of 
bran so that, for example, the first rat (No. 6) has the lowest bran inges- 
tbn and the last rat (No. 7) has the hipest. All the rats did well on this 
diet; there was an average gain of weight for the group of 10 grains. The 
daily level of bran ingestion ranged from 560 mg. to 850 mg. The total 
daily weight of dried stool was quite hig^ and ranged from 520 to 870 mg. 
Furthemmre, with the excqMi<m of rat 1, the weight of dried stool in- 




Table III 

The Effect on Fecal Production of a Diet Containing S Per cent Bran 
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Daily averages. 
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creased proportionally with the increase in dietary bran. The number of 
stoob was markedly increased and the weight of the individual stool sli|^t- 
ly increased. Bran, therefore, in causing laxation does so both by increasing 
the number of stools and the size of each stool. It cannot be said which is 
more affected since the wet weight of the stool is unknown. The bran 
ingestion calculated on the basis of kilogram of rat weight is fairly con- 
stant, ranging from 3.1 to 3.6 grams with the exception of rat 4 which ate 
such large amounts of diet that a gain in body weight of 22 grams resulted. 

To bring out the effects of bran in a quantitative fashion, a table was 
constructed in which the percentage of bran in the diet was ignored but the 
actual milligrams ingested were progressively set down. In Table V one 
may therefore determine the probable stool production at a given levd of 
bran ingestion. The averages of the basal casein diet are included for 
comparison. The laxative effect of bran begins when 300 mg. or more are 
ingested daily or at a level of about 2 grams per kg. of rat weight. The 
proportionality between bran ingested and fecal production is clearly 
shown. The two rats marked with an asterisk are the only exceptions to 
the general trend. 


Table V 

Relation Between Bran Ingestion and Fecal Prodgction 



Av. Daily bran 

Daily dry stool 

Av. Daily no. 

Bran per kg. 

Rat No. 

1 

mg. 

mg. 

of stools 

gm. 

Casein 





average 

0 

258 

7.0 

0.0 

2 

162 

269 

7.0 

0.9 

1 

170 

329 

7.5 

0,9 

5 

295 

312 

7.8 

1.4 

6 

310 

430 

7.1 

1.9 

6 

560 

520 

8.5 

3.3 

7 * 

610 

810 

14.6 

2.8 

1* 

660 

870 

9.6 

3.2 

5 

670 

560 

7.8 

3.1 

$ 

820 

665 

14.7 

3.3 

4 

830 

760 

14.8 

5.0 

7 

850 

753 

13.3 

3.6 


We may conclude that bran quantitatively increases fecal production. 
What element in the bran is responsible for the increase? 

Reverting to Table IV, one notes that the group of animals in which 
bran was most laxative were ingesting from 50 to 60 mg. of bran crude 
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fiber daily, 25 to 33 mg. of phytin, and from 33 to 44 mg. of bran ash. 
All of these substances increased or decreased exactly as the bran intake. 
Were they responsible for its laxative effect? The following types of diets 
were fed to answer this question: 

1 . A diet containing bran which had been rendered phy tin-free and low 
in ash content; 2. A basal casein or beef diet to which varying amounts 
of the crude fiber of bran were added; 3. A basal diet to which phytin 
was added; 4. A basal diet to which bran ash was added. 

The Epeect of Feeding Phytin-Free, Low Ash Bran 

Bran which was free of phytin and very low in ash content was prepared 
as follows: 

1, Unwashed bran was extracted in 2 per cent HCl for six hours. 
2. The bran was washed thoroughly with distilled water. 3. The bran was 
dried in the oven at S0®C. to a constant wdght. 4. It was then dried in 
room air for 24 hours. 

This air-dried bran had an ash content of 0.4 per cent. Its crude fiber 
and pentosan content were not determined but these substances must 
have been increased in percentage at least by the amount of water-soluble 
materials that were lost, the soluble carbohydrates, phytin, and ash. 
Any laxative effect of phytin-free, low-ash bran would therefore owe 
its potency to something other than phytin or ash. 

Table VI is a tabulation of the results of a diet containing 10 per cent 
of phytin-free bran prepared as indicated above. The diet consisted of the 


following: 

Phytin-free bran 10.0 

Casein 18.0 

Starch 43.0 

Salt mixture (0. & M.>. . 4.0 

Lard 20.0 

Cod liver oil 3.0 

Yeast concentrate 2.0 


Tout 100.0 

The table is arranged in order of increasing ingestion of bran. Several 
conclusions may be drawn with regard to the effect of ingesting the phytin- 
free diet. First, all the animals ate less of this diet than of the diet con- 
taining the unwashed bran and in fact ate so much less that they all 
lost weight. Evidently washing bran with 2 per cent HCl decreases its 
palatability. Secondly, there is a dear proportionality between the total 
weit^t of dry stod and the amount of bran ingested; rat 1 is the only 
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ercqptioQ to the troid. Thirty, 
a diet containing no phytin and 
far lei» bran ash than any pre- 
viously fed proves to be markedly 
laxative. The average total weight 
of duly stools for the group is 674 
mg. as compared with 688 for the 
group receiving 10 per cent un- 
washed bran. Moreover the stools 
are increased in size and number 
to the same degree. 

One may state unequivocably 
that the phytin of bran plays no 
part in producing laxation in the 
rat. Similarly, the ash of bran is 
of little or no importance. The 
phytin-free bran does, however, 
contun a very high percentage of 
both crude fiber and pentosans 
since the extraction with dilute 
hydrochloric has removed most of 
the soluble substances. While the 
crude fiber was not estimated it 
may be calulated that the fiber 
content of the phytin-free bran 
was increased to at least 19 per 
cent. The extraction removed 4.5 
per cent of contained phytin and 
5.6 per cent of contained minerals. 
Therefore the crude fiber content 
of unwashed bran of 9 per cent 
must have been increased to at 
least 19 per cent. The pentosans 
were not determined. Williams 
(he. cit.) has found that washed 
bran has a pentosan content of 
36.94 per cent. 'Thus pentosans 
and crude fiber amounted to over 
50 per cent of the phytin-free 
bran. 
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If bran owes its laxative effect to the unabsorbed food residues arising 
from crude fiber and pentosan, then one would expect a strikingly laxative 
effect from crude fiber fed in amounts equivalent to the combined pen* 
tosuis and crude fiber. 

To test this deduction, a group of 7 rats was fed varying amounts of 
crude fiber incorporated in the basal beef diet. The results are exhibited 
in Table VII. The table is again arranged according to the average amount 
of fiber ingested daily. 

Table Vn 

The Ef fect or Ckcde Fibee or Bban on Fecal Pboduction 


Rat 

No, 

Days on 
diet 

Rat wt, 
gm. 

Change 
in wt. 
gm. 

Crude 

fiber* 

mg. 

Dry 

stool* 

mg. 

No. of 
stools* 

Av. wt. 
ea. stool 
mg. 

Crude 
fiber kg. 
gm. 

7 

8 

224 

-16 

45 

275 

5.6 

49 

0.20 

8 

8 

224 

-23 

48 

275 

7.0 

39 

0.21 

9 

6 

218 

+12 

76 

529 

12.0 

44 

0.35 

14 

6 

161 

+18 

162 

523 

15.0 

35 

1.01 

15 

6 

140 

+14 

180 

610 

17.0 

35 

1.29 

11 

3 

170 

+ 4 

570 

811 

18.0 

45 

3.34 


* Daily averages. 


The crude fiber used in this experiment was obtained from bran by 
the following method: 

1. Unwashed bran was extracted with ether overnight to remove the 
fat. 2. The ether was decanted and the bran dried. 3. The bran was 
boiled for 30 minutes with 1.25 per cent sulphuric acid solution in a 
large round-bottomed flask to which was attached a reflux condenser. 
4. The acid mixture was strained through cheese cloth and washed with hot 
water until neutral to litmus. 5. The residue was returned to the flask 
and boiled for 30 minutes with 1.25 per cent sodium hydroxide solution. 

6. Thestraining through cheese cloth and washing with waterwas repeated. 

7. The residue was dried to constant weight at 90° C. This method of 
obtaining crude fiber is closely similar to the standard methods for de- 
termining crude fiber. It does not include pentosans and the value given 
before for the crude fiber of unwashed bran (9 per cent) does not include 
pentosans. Crude fiber is essentially cellulose and the pentosans are the 
hemicelluloses, which require a different method for determination. 

TaUe vn shows that witii increasing concentrations of crude fiber 
there is increasing laxation. Interestingly enough, the crude fiber of bran 
products an increased number of stools which in the moist state re- 
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semble the bran feces but when dry show no increased individual weight 
above normal. 

While it has been shown that the absence of phytin or of bran ash does 
not in any way lessen the effectiveness of bran as a laxative, the question 
arises whether these substances may not have some inherent laxative 
effect. This was investigated by feeding to a group of 5 rats, phytin and 
ash at concentrations even higher than are present in the 10 per cent 
unwashed bran diet. Referring to Table IV, it will be seen that in this 
diet the average ingestion of bran ash was 43.8 mg. daily and of phytin 
32.8 mg. daily. The following diets were fed: 

1.-2 per cent phytin, 2.-0.6 per cent bran ash, 3.-1.2 per cent bran ash. 
The composition of the first diet was as follows: 


Phytin 2.0 

Casein 18.0 

Starch 53.0 

Salt mixture . . . 4.0 

Lard 20.0 

Cod liver oil 3.0 

plus daily vitamin B tablet 100.0 

The bran ash diets were composed as follows: 

Bran ash 0.6 1.2 

Dried powdered beef 15.0 15.0 

Starch 60.4 59.8 

Salt mixture 4.0 4.0 

Lard 17.0 17.0 

Cod liver oil. . 3.0 3.0 


plus daily vitamin B tablet 100.0 100.0 

The phytin was prepared from bran by the method of Clark (11) : Two 
and one-half pounds of bran were extracted for five hours with 2.0 per cent 
hydrochloric acid at a room temperature of about 20®C. The extract was 
filtered through cheese cloth and allowed to settle overnight. The dear, 
supernatant liquid was siphoned off, heated to boiling to coagulate the 
protein, and allowed to cool. After settling, the clear amber-colored liquid 
was again siphoned off from the residue, and heated to boiling. Ammonia 
was added until the solution was just alkaline and the boiling continued 
for a short time. A large quantity of a flocculent precipitate separated out. 
This was filtered while the solution was still hot, and was washed with 
boiling water. This brown, sdAy i»ecipitate was extracted with two 
liters of 8.0 per cent acetic add, and filtered fxom an insoluble residue. The 
amb^-colored solution thus obtdned was heated to boiling, mid a large 
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amount of phytin separated out as a fine, white precipitate which redis- 
solved on cooling except for a slight insoluble residue which was filtered ofi. 
The clear filtrate was diluted with an equal volume of water and heated to 
boiling, and again made alkaline with ammonia. A large, white precipitate 
settled out, which was again filtered while hot, and washed thoroughly with 
boiling water. This white precipitate was extracted with the smallest 
possible amount of 0.8 per coit acetic acid, and filtered from a slight in- 
soluble residue. This acetic acid solution was heated to boiling, and the 
phytin separated out as a heavy white, powdery precipitate, which was 
filtered off while hot, leaving in the filtrate all inorganic phosphates which 
were soluble in the acetic acid solution. This precipitate was thoroughly 
washed with hot water, alcohol, and ether, and dried in the air at room 
temperature. 

Bran ash was prepared by ashing large quantities of unwashed bran in 
large silica dishes over open burners. After the ashing was completed the 
residue was finely powdered and incorporated in the diet. 

Table VIII summarizes the results with phytin and bran ash. Phytin 
is without laxative effect when ingested at the rate of 72 to 84 mg. daily. 
This is over twice the amount ingested by the animals in the 10 per cent 
unwashed bran diet. Bran ash is without effect when eaten at a level of 
48 to 66 mg. daily. This is slightly higher than the average ingestion of the 
10 per cent bran group. When the amount ingested is increased to about 
100 mg. daily there is a slight laxative effect in one of the rats (No. 13) and 
none in the other (Rat 12). 

TABI.E vni 

Tee Eeeect or Phytin and Bean Ash Upon Fecal Pboddction 


Type of 
diet 

Rat 

No. 

Day* 

on 

diet 

Change 
in rat wt. 
gm. 

1 

Diet* 

gm. 

Phytin* 

mg. 

Ash* 

mg. 

Diy 

stool* 

mg. 

No. of 
stools* 

Av. wt. j 
ea. stool 
mg. 

Type 

of 

stool 

2% phytin 



-16 

3,6 

72 

0 

220 

5.0 

43 

small 

2% “ 



- 4 

4.2 

94 

0 

302 

7.6 

40 

a 

0.6% ash 




7.8 

0 

48 

232 

7.8 

30 

a 

0.6% • 

11 



9.8 

0 

66 

116 

7.0 

17 

u 

1.2% « 

12 


+12 

7.8 

0 

94 

251 

7.7 

32 

« 

1.2% * 

13 

1 ^ 1 

+16 

9.8 

0 

118 

390 

9.0 

43 



* D&ily avenges. 


It is not surprising that bran ash in very high a)ncentrations should have 
some lamtive effects because of its contained magnesium and sulphur 
salts. However, the effect is small and not constant. 
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StTMMAXY AND CONCLUSIONS 

1. A method of studying the fecal output of the rat is described. In the 
rat: 

2. Bran acts as a laxative in a quantitative fashion—mcreasing amounts 
of bran produce bcreasing weights of feces. 

3. Phytin-free bran has lost none of the laxative qualities of bran. 

4. The ash of bran and the phytin contained in bran are not laxative in 
the quantities in which they are contained in bran. Bran ash fed separately 
may be slightly laxative in high concentrations. 

5. Bran owes its laxative action to the crude fiber and pentosans which 
it contains. 
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Editorial Review 

THE EMPTYING MECHANISM OF THE STOMACH* 

T he first important contribution to the physiology of the alimentary 
tract made on this continent was Beaumont’s (1833) remarkable study 
of the stomach of Alexis St. Martin. To commemorate this achievement a 
fac simile copy of Beaumont’s book, containing also Osier’s (1902) well- 
known address on Beaumont as an introduction, was presented to each 
member of the recent International Congress of Physiologists at Boston. 
Beaumont’s book appeared in 1833 and one of the four periods covered 
by his observations began in August 1829 and continued until March 1831. 
This issue of the Journal therefore falls within the 100th anniversary of 
Beaumont’s labors. It is for this reason that this discussion appropriately 
begins with a brief characterization of this first American contribution. 

A very brief allusion to the circumstances which gave Beaumont, an 
obscure Army surgeon, his great opportunity must suffice; for every text 
book of physiology in the past hundred years has made some reference to 
the case. St. Martin, a youth of 18, was wounded by the accidental dis- 
charge, at very close range, of a shot gun loaded with duck shot. The 
charge entered his body posteriorly, traversed the lower lobe of the left 
lung, tore away a piece of the diaphragm, perforated the stomach, and 
passed out through the abdominal wall just below the costal margin and 
only two inches below the left nipple on a line from the nipple to the crest 
of the ilium on the same side. A large, lacerating wound was left. Beau- 
mont, then stationed at Michilimackinac, where the accident occurred, 
reached the boy within 25 minutes, dressed his wound, and though de- 
spairing of his recovery, took him into his family later and personally 
nursed him back to health. Only after two years was the young man able 
to work. Beaumont began his observations in 1825, nearly three years 
after the accident, and took the subject with him to various army posts 
where he was stationed and kept up his experiments as best he could with a 
rather stupid and at times recalcitrant individual for the next eight years. 

Osier, in the address to which reference has been made, quotes the 
following lines from Combe, a contemporary professor at Edinburgh, to 
indicate the value of Beaumont’s work. “It would be difficult to point out 
any observer who excells him in devotion to truth and freedom from the 
trammels of theory or prejudice. He tells plainly what he saw and leaves 
every one to draw his own inferences, or where he lays down conclusions 
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he does so with a degree of modesty and fairness of which few perhaps in 
his circumstances would have been capable.” 

To give an idea of the state of knowledge, or rather lack of knoa^ge, 
of digestion, at this time. Osier refers to Dunglison who, in his “Work on 
Human Physiology” (published the very year of Beaumont’s book) after 
discussing all the old theories regarding chynoification of the food, quotes 
Wm. Himter’s witty remark— “Some physiologists will have it that the 
stomach is a mill, others that it is a fermenting vat, others again that it 
is a stew pan; but in my view of the matter, it is neither a mill nor a fer- 
menting vat, nor a stew pan; but a stomach, gentlemen, a stomach.” 

For a critical account of Beaumont’s work, just what light he was able 
to shed and what he left in obscurity, reference may be made to a 32-page 
review and critique of Beaumont's book by D. Francis Condie of Philadel- 
phia, published the next year (1834) after its appearance, in the 14th 
volume of the American Journal of the Medical Sciences. Condie quotes 
from Ra 5 mier who published a work “Z?e Digestione in Ventricido’* in 1792. 
“To arrive at anything like positive conclusions in regard to this subject, 
the experimenter must be enabled to inspect the interior of the healthy 
stomach whilst its functions are going on, and study there the modifica- 
tions which the composition of the alimentary bolus undergoes from its 
entrance through the cardia until its final escape through the pylorus — we 
shall then, but I fear not before, be able to say what is the nature of di- 
gestion, and what are the powers by which it is effected.” Condie contin- 
ues, “the opportunity here required, the occurrence of which was no doubt 
thought impossible by the writer just quoted, has actually beeen furnished 
to Dr. Beaumont. By a surgical case nearly unique in its results, the inter- 
ior of the stomach in a state of health, and in the perfect performance of 
its fimctions, has been laid open to his view, and he has been able to study 
daily for a series of years, the actions of that important organ — to mark the 
successive changes produced in the food during the process of digestion and 
to determine with accuracy the composition and properties of the gastric 
fluids, and thdr effects upon the different kinds of aliment in ordinary 
use • ‘ . The report of Ms experiments and observations constitutes un- 
questionably, in many particulars, the most important work ever published 
on the physiology of digestion.” Condie evidently was familiar with the 
sciaitific literature of the time, and did not hesitate to point out wherdn 
Beaumont’s observations were incomplete and he regrets that the peculiar 
advantages possessed by Dr. Beaumont for studying the process of diges- 
tion did not fall to the lot of some one better trained than he, particululy 
in dhemistiy. Ihe two most important problems; in what does chymifica- 






JOBN R. MURLIN 


313 


tion con^? and in what manner is it effected? Condie thinks Beaumont 
left still pretty much in obscurity. 

That the gastric juice really has a solvent power over the most insoluble 
material, however, Beaumont proved in the most conclusive manner. He 
determined the period of time required for pure gastric juice drawn from 
the stomach to reduce different alimentary substances to a paste, when 
kept at 100°F outside the body. It is from Beaumont that we derive our 
school book teachings regarding the relation of fiber and toughness in food 
to digestibility. The articles requiring longest time for chymification were 
found to contain much fatty or oily material and his statement that a 
slight admixture of bile aids digestiblity of fatty foods to some extent, has 
a very modem sound. 

Beaumont apparently was considerably mystified by the movements 
of the stomach. He is quite clear, however, on three points; one, that by 
alternate contraction and relaxation of the transverse muscular fibers 
a peristaltic motion is produced, which commences soon after the food is 
received, and causes the latter to “revolve around the interior of the gas- 
tric cavity.” The second is that old and new food in the stomach are mixed 
thoroughly by a sort of “churning” of the contents. And third, that from 
the very beginning of chymification — from the time food is received into 
the stomach, until that organ becomes empty — portions of chyme are con- 
stanUy passing into the duodenum. It is the last of these statements which 
forms the topic of the present discussion. 

As might have been expected, many of Beaumont’s observations have 
been wholly confinned by later and more critically controlled observations, 
some have been only partially confirmed, and some few have been refuted. 
Carlson (1916) had an opportunity of observing a man with a stomach 
fistida for a period of nearly four years. This case has been called “a second 
Alexis St. Martin.” But there is this important difference. St. Martin 
could chew and swallow his food directly into the stomach. Carlsons’ 
Mr. F. V. had made the tragic mistake while a boy of trying to swallow 
strong caustic alkali and as a consequence the oesophagus was completely 
sealed. The fistula was therefore a deliberately located and circumscribed 
affair instead of a gaping aperature accidentally caused and crudely, 
though adequately, reduced surgically, as in St. Martin’s case. 

Carlson says of the movements of the stomach, as seen by direct obser- 
vation in F. V., “the picture revealed by the gastric cavity when the 
empty stomach is in a period of rhythmic contractions is interesting, but 
rather hewildering,and we have ceased to wonder how Beaumont complete- 
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ly failed to grasp the character of the stomach movements in digestion, as 
he rdlied mainly on direct inspection of the stomach of St. Martin.” 

Carls<Hi’s method, in addition to direct inspection, was to record the 
motions of the stomach by means of a thin-walled, rubber balloon intro- 
duced into the stomach and connected by air transmission to a recording 
device. He was interested chiefly in the motions of the empty stomach or 
the himger contractions which had been re-identified as the cause of the 
sensations of hunger by Cannon and Washburn in 1912. Records obtained 
from Mr, V. show the effects of a sudden dilatation of the balloon by in- 
creased pressure. The distension caused a few strong contractions which 
in turn caused the hunger sensations. These were felt and recorded by the 
subject himself. This is the behavior of the wholly empty stomach and 
Carlson and his pupils have shown that these strong contractions of the 
empty viscera gradually emerge from a series of tonus waves which begin 
ordinarily within 20 to 30 minutes after eating. The exact time depends to 
some extent on the degree of filling and to some extent upon individual 
idiosyncrasy. In addition to these types of movement we have of course 
the so-called digestion peristalses which had been seen by Beaumont and 
which are easily demonstrated by the X-ray and the opaque meal. 

Cannon who introduced (1898) the use of the Roentgen ray for study of 
the gastro-intestinal movements and first demonstrated the peristdtic 
character of the movements of the filled stomach, demonstrated also 
in the cat how sensitive these movements are to strong psychic states like 
fear and anger. Rogers and Hardt (1915) in Carlson’s laboratory found 
that the hunger contractions of the empty stomach both of anim als and 
man are more easily inhibited by chemical agents introduced into 
the stomach and acting on the mucosa than are movements of the same t}rpe 
in the filled stomach. The mucosa as a matter of fact never does, in the 
erqperience of Carlson’s laboratory, induce a reaction of greater activity. 
Anything which can act through the mucosa alone always produces inhi- 
bition. The nervous mechanism by which this is accomplished is either 
the short-fibered intrinsic plexus, or a center in the medulla and the 
^lanchnic nerve. 

In this connection the action of alcohol is of interest. Most people who 
have had the experience often enough to recognize it, claim that a glass of 
beer or wine or a cocktail before a meal increases appetite and posribly the 
hunger sensation. We must bear in mind the difference between appetite, 
which is rimifly the psychic appreciation of food depending upon the gem- 
mi bodily condition, and even upon such extraneous matters as the be- 
havior of the stock market, and hunger which is the local sensation caused 




/M., 1930 


JOHN R. MURUN 


315 


by contraction (cramp) of the stomach. Carlson himself, writing in 1916* 
confessed that a glass of beer at meal time seemed to “awaken or increase 
appetite" and Pavloff has recorded an instance in his own experience 
where a glass of wine seemed to initiate the sensation of hunger the very 
minute the wine reached the stomach. Carlson therefore, from his own and 
from wide inquiries amongst his friends, expected to find in Mr. V. and in 
himself and others who submitted to the balloon method of study, that 
the introduction of alcoholic drinks would increase gastric tonus and 
initiate the contractions which give rise to hunger. To his surprise, the 
effect was just the opposite. Wine, beer, brandy, pure alcohol (diluted) 
introduced directly into the stomach always inhibited hunger contractions. 
If there is ever augmentation of appetite it must be through general effects 
on the nervous system rather than through contractions of the stomach. 

Cannon’s (1898) demonstration for the cat that the peristaltic wave, 
starting well up on the fundus of the stomach runs all the way to the py- 
lorus, without interruption, was speedily confirmed by Roux and Baltha- 
zard (1898) on frogs, dogs, and human subjects, these authors also 
working with the X-ray. Greatly improved technique has substantiated this 
fact for the human stomach many times. Indeed, it is an every day observa- 
tion now in every roentgenological laboratory. Opinion has fluctuated 
extensively, however, regarding two points in connection with the emptying 
of the stomach, one, the significance of the antrum and two, the control 
of the pylorus. Many roentgenologists have maintained, as did Hofmeister 
and Schtitz (1885) from direct observation on the dog, and indeed, as 
Beaumont himself seems to imply quite clearly, that at times the trans- 
verse band completely pinches off the antnun, dividing the stomach into 
two cavities. According to this view the function of the whole pyloric por- 
tion is mainly that of discharging the contents into the duodenum. If, 
however, the transverse band does not pinch off completely, the pyloric 
portion has a triturating and mixing function was well as that of expulsion. 
Motion pictures of the dog’s stomach exposed in a bath of salt solution, 
according to Alvarez and Zimmermann (1928), often clearly exhibit a 
systolic narrowing of the entire antrum. These authors do not find much 
evidence of a sphincter antri, or transverse band, but at times, the waves 
of contraction in the region of the incisura are deep enough to divide the 
stomach momentarily into two pouches. We shall encounter evidence 
presently that contractions of the antrum, even if serving a triturating 
function, tue by no means random or ungovemed motions. Meantime let 
us see how the pylorus operates. 

The whole conc^tion of the stomach as a reservior and feeder for 
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tibie intestine depends upon tiie bdxavior of the gateway. What governs the 
ptyloroB? Richerand ascribed to this mechanism something like intelligence 
when he said, “it has a peculiar tact which enables it to sdect from the 
contents of the stomach what is proper to pass through, while it holds ba<^ 
the remainder.” With less teleology but more science, Hirsch (1893) and 
Serdjukow (1899), a pupil of Pavloff, both obtained evidence that an add 
reaction in the duodenum retarded evacuation of the stomach. ToUer 
(1905) a little later found that a balloon put mto the duodenum and inflated 
kept the pyloric sphincter contracted. Marbaix (1898) speaks of intes- 
tinal repletion as the governing factor. When the intestine has had enough 
it dgnals to the sphincter to shut off the supply. However, there is another 
factor involved; namely, the pressure exerted by the antrum on the stom- 
ach side. The roentgenological evidence is complete that peristaltic 
waves descend over the stomach continuously so long as there is food in 
the organ. Cannon (1898) thought his evidence was condusively dear 
also that the pylorus does not open for every peristaltic wave passing over 
the antrum. When it does open, contents are discharged, but if the sphinc- 
ter holds tight, the contractions of the antrum merely chum up the 
contents or squeeze some of it bac^ into the fundus. Cannon (1904) had 
observed very different rates of evacuation of the stomach contents, depend- 
ing on the kind of food ingested by his experimental animals. Carbohy- 
drate meals emptied most rapidly, protein meals next and fatty meals most 
slowly. The behavior of the pylorus must in some way be related to the 
character of the food. The observations of Hirsch and of Serdjukow sug- 
gested to Cannon that the free acid of the stomach contents may not only 
dose the pylorus when acting from the duodenal side of the sphincter, but 
may also give the signal for relaxation of the sphincter when acting from 
the stomach side, and thus Cannon built up his theory of the add control 
of the pylorus. Carbohydrate does not bind up the add of the gastric juice 
as does protein and thus we have an explanation of the more rapid passage 
of the former. The delay of a fatty meal can be made to fit into this theory, 
for fat retards the secretion of gastric juice and causes regurgitation of bile 
and pancreatic juice into the stomach, as Beaumont observed on St. Mar- 
tin, thus neutralidng the acidity. Cannon marshalled many facts in 
support of this theory, but unfortunately there were then som6 facts and 
now there are many more for which it does not afford a satisfactory ex- 
{flanation (See e.g., McClendon, 1915). 

Cannon’s complete theory was published in Novmber 1907. It was not 
seriously diallen^ for about nine years. Spencer, Meyer, Rdrfura and 
Hawk rqrorted in February 1916 that widi the retention tube method they 
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could not obtain evidence that free HCl was necessary for opening of 
the Idioms, and Morse (1916) in October of the same year gave detailed 
measurements of discharge of water and acid of varying concentration 
from the stomach of dogs under ether, with the dorsal spinal cord de- 
stroyed so as to eliminate splanchnic inhibition. He found that neutral 
water left the stomach at a more rapid rate than any concentration of add 
noted. In December 1916 Cole emphatically denied the whole conception, 
basing his contention on exhaustive roentgenological studies of the human 
subject with particular reference to the duodenal cap, which Cole believes 
should be regarded really as a part of the stomach. He sums up by sa 3 dng 
“there is no roentgenological evidence in man of a periodic opening and 
dosing of the pyloric valve independently of the gastric cyde, as described 
by Cannon.” Cole’s statement, that a meal composed of mixed foods be- 
gins to be evacuated often before it is completely eaten, has been many 
times confirmed. Water of neutral reaction has been observed through 
fistulae in dogs to pass in rhythmical spurts into the duodenum (Ivy, 1918) 
and a meal of bismuth and milk begins to pass the pylorus of the infant’s 
stomach within five minutes of its ingestion (Pisek and LeWald, 1913). 
The acid control theory would offer poor comfort for the person with 
achlorhydria. If the gateway never opened except under the stimulus of 
free add, there are a good many people living who would never get their 
food to the intestine. Ortner (1927) studied the evacuation rate in dogs 
having a Dastre cannula in the duodenum a few centimeters below the 
pylorus. He found that alkaline water was passed through sooner after 
ingesUon than add, and that strong acid (above 0.3 per cent HCl) dis- 
tinctly inhibited the relaxation of the pyloric sphincter. Luckhardt, 
Phillips and Carlson (1919) prepared a dog so that ch 3 ane could be col- 
lected from the duodenum and also so that the movements of the antrum 
could be recorded by means of the balloon method. They found material 
issuing from the stomach with each tonus wave of the stomach wall. This 
was confimed on a human subject also by recording the movements of 
the stomach, after a barium meal, by the balloon method and watching 
with the fluoroscope for the appearance of the duodenal cap. The cap 
appeared always coincidentally with the record of tonus rhythm which by 
fluoroscopic examination consisted of a plain succession of peristaltic waves. 

An equally convincing study has been made by Wheelon and Thomas. 
Joseph and Meltzer (1911) had observed that with each contraction of the 
pyloik part of the stomach, the duodenum stopped its rhythmic activity 
and lost its tone, only to resume it agun when the contractions passed off. 
Whedon and Tliomas (1922) in Joseph’s department at St. Louis made a 
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more detailed study of this phenomenon. They invented an mstrument, 
whidi thqr call an enterograph, consisting of three small rubber-covered 
chambers. It is introduced through a stomach fistula of a dog and so 
placed that one chamber lies in the duodenum, one in the pyloric sphincter 
and one in the antrum. Records are taken by air transmission through 
thick-walled small rubber tubes which likewise issue through the fistula. 
By this method they made numerous records which show clearly a well- 
defined coordination of events in antrum, sphincter and duodenum. When 
the antrum is relaxed the sphincter is always closed, and the duodenum is 
at least partially contracted. Whai the antrum is contracted the sphincter 
is relaxed and the duodenum is at least partly relaxed. This goes on with 
perfect regularity for hours. “The parts excited cranialward transmit 
caudalward to excite lower segments,” and therefore the behavior of the 
three mechanisms falls into agreement with Bayliss and Starling’s “law 
of the intestine,” i.e., a progressive band of constriction preceded by in- 
hibition and followed by relaxation. 

It would appear from these results of Wheelon and Thomas that free 
acidity can scarcely furnish the stimulus for opening of the pylorus. But 
they did not make direct observations on the chemical changes along with 
their study of the motor mechanism. This deficiency has just recently been 
supplied by James McCann working in the department of experimental 
surgery at the Mayo Foundation laboratories. McCann (1929a) was inter- 
ested first in the question of the control of the acidity of the stomach. 
Boldyreff in 1907 proposed the theory of “the self-regulation of the acidity 
of the gastric juice” by regurgitation of alkaline duodenal fluids into the 
stomach. Among other facts he showed that when 200 cc. of 0.5 per cent 
HCl were introduced into the stomach of a dog, the add was neutralized by 
regurgitation of duodenal alkalies, chiefly in the pancreatic juice. The rise of 
trypsin concentration in the stomach contents during the latter part of the 
fractional test meal by the retention-tube method of Einhom and of Reh- 
fuss has been held by some clinicians to be in accord with Boldyreff’s 
theory. McCann tested this hypothesis by eliminating the duodenal juices 
by draining them directly into the ileum. In other experiments he resected 
the antrum of the stomach entirely, thereby eliminating the mu- 

cous secretion of the antrum, to see whether it might play any part in the 
control of addity. Seven dogs were subjected to the proc^ure of duodenal 
drainage, but fractional analyses of the stomach contents after this opera- 
tion, and feeding with meat or stimulating gastric secretion mth 
did not ^ow any variations from the curves found before operation. Addi- 
tion of carbohydrate and fat to the protein meal showed ^e same altera- 
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tions of the curves obtained by fractional analyses in operated dogs as in 
normal dogs. Regurgitation of alkali therefore is not an essential mech- 
anism in the control of acidity. Be concludes that the mechanism is es- 
sentially an intragastric one, and that the relationship between the 
concentration of free HCl and the rate of secretion agree with PavloS’s 
observations on gastric pouches. “It is a rule almost without exception,” 
says Pavloff, “that the acidity of the juice is closely dependent on the 
rate of secretion; the more rapid the latter the more acid the juice, and 
vice versa." In McCann’s dogs with the antrum resected there was increase 
in the rate of secretion or in the concentration of add, such as is seen in 
normal dogs, indicating that the prepyloric segment is in some way 
concerned in the regulation of secretion. 

In his second study McCann (1929b) correlated his method of fractional 
analysis of the gastric secretion with roentgenological studies of the motor 
phenomena. The curves of free add, total add and neutral chloride were 
plotted and roentgenograms taken at certain definite points on these cur- 
ves. They show that the stomach begins to empty very soon after the meal 
is ingested and the rate of emptying increases progressively from early 
digestion until the process is complete, quite independently of free add in 
the contents. “The emptying depends not on addity but on progressive 
relaxation of the whole pyloric end of the stomach. The activity of this 
pars pylorica, of which the sphincter is merely the most effident segment, 
depends on its irritability and, in these studies, on the stimulating action 
of raw protdn to tonic and peristaltic action. With the disintegration of 
the protein to the products of digestion, there is a graded induction in 
the intensity of the stimulus to the antrum and consequently a progressive 
relaxation which permits more rapid evacuation.” 

Katsch (1927) of Frankfort has pointed out that we cannot consider the 
motor and secretory functions of the stomach as independent. Katsch’s 
statement of stomach function in a single sentence is this, “to receive the 
food, hold it for a time, change it chemically and physically and, in proper 
rhythm with these changes, to pass the food along to the intestine.” This 
conception, obtained from the clinic, is identical with that of McCann ob- 
tained from the experimental laboratory. Many of the gastro-intestinal 
disturbances have their origin in a breakdown of this nice coordination 
of movement to secretion and digestion. Too rapid evacuation may have 
identically the same consequences as too little secretion. It must be remem- 
bered too that the motility of the stomach has the purpose not merely to 
ddiver the food to the intestine where the bulk of digestion takes place, 
but also to remove it from the stomach as rapidly as digestion takes place. 
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in Older that digestion may farther proceed. The accomolation of diges* 
tive products slows digestion just as the product of any mill slows up the 
mill unless removed promptly. The intestine gets rid of its products of 
digestion by absorption, but absorption does not take place in the stomach. 
The only means of getting rid of its products, partially digested only, as a 
rule, is to pass them along. Thirty years ago we thought of the churning, 
mixing motions as characteristic of the stomach and peristalsis as char- 
acteristic of the intestine. We must now reverse the order; peristalsis with 
regular rhythmic empt 3 ring is more characteristic of the stomach, while 
mixing, accomplished by rhythmic segmentation and peristalsis is more 
characteristic of the intestine. These conceptions were established mainly 
by X-ray studies on animals and on the human subject and the operative 
experimental work on animals has only recently caught up with it. The 
one method has the advantage of observing the relatively undisturbed 
organ; the other the advantage of direct approach by operation and direct 
chemical examination of contents. Both methods are essential. 

ReMuss and his collaborators (1919, 1920), particularly Hawk and Ber- 
geim, using the retention tube method, have added much information to 
what we knew before regarding the digestibility of— or, as they prefer to 
caU it, the “gastric response” to-^fferent foods. In the course of ^s work 
they observed that stomachs differ greatly in their response to the same 
kind of food. Some respond promptly and decidedly to the entrance of 
food, whereas others respond slowly and indifferently. One type of stomadi 
empties very quickly whereas a second type evacuates slowly under like 
dietary conditions. They grouped their subjects into the rapid-emptying 
and dow-emptying types and found, for example, with test meals of 100 
grams of beef the average emptying time for the former was 2 hours and 
35 minutes, for the latter 3 hours and 25 minutes. They do not make a 
particular point of it, but doubtless Rehfuss and Hawk would agree, that 
there are all sorts of gradations in these two classes, so that the real con- 
tribution which they made ten years ago is, that stomach-emptying time,* 
like reaction time to sound, or any one of a dozen other physiological 
reactions wUch can be measured in time, is decidedly an individual matter. 
The rather extendve variability in the type of peristalsis seen in different 
animals, or even in the same animal at different times (Alvarez, 1928), 
probably affords sufficient baMS for this individual gastric behavior. 

Some dirucs, as, for, example, that of Eatsch at Frankfort, have now 
adopted instead of a test meal, some standard stimulant to the gastric 

* Mattfil and Smitb (1930) <m aaotlwr page of tllis number Aow curves of avenge evKSttioa 
nte in lata fed on cereals. 
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^ands like 20 per ceat alcohol or pure caffeine. Katsch uses also a standard 
color dissolved in the stimulating solution. Two drops of 2 per cent meth- 
ylene blue in 300 cc. of water containing two tenths of a gram of cajfeimm 
furum he finds sufficient. For one half hour after introduction of the re- 
tention tube, he draws small samples every ten minutes in order to estab- 
lish a base line of free acidity, total acidity, total chlorides and pepsin. 
Then the stimulating solution is introduced and with the tube still in place 
he draws a 10 cc. sample every ten minutes, compares the color with 
the original color of the solution and again determines in each sample the 
acidities, chlorides and pepsin. The color chosen enables him to detect any 
bile regurgitated. Katsch rightly objects to calling the resultmg curves 
which are obtained in this way “secretion curves.” They should be called 
acidity curves, chloride curves and pepsin curves; for even with pure solu- 
tions as stimuli what one draws up is never pure gastric juice, except after 
the test solution is completely removed, and even then one may find bile, 
pancreatic juice or saliva. To give a couple of examples only. There is 
a certain type of motor-compensated h)T)ersecretion in which the stomach 
is excited to produce a great deal of juice; but a hypermotility removes it 
rapidly, so that only a small amount of content is found. Again a late- 
acid curve may be given in certain cases of gastritis where the secretory 
power is weak and in cases of partial stenosis of the pylorus the curve 
of acidity may be identical. 

How then is the function of secretion related to the motility of the 
stomach? It will be necessary to state rather dogmatically the results of 
recent work. Pavloff’s demonstration thirty years ago of the psychic 
secretion of gastric juice through the vagus and the demonstration by 
Babkin, one of Pavloff’s most brilliant students, that the secretion of the 
stomach, like that of the salivary glands, may be educated to respond to 
a conditioned reflex, has brought the secretion of this organ, like its mo- 
tility, definitely into the p^choiogical realm. No longer can we doubt that 
both motor and secretory activities of the stomach are subject to a cer- 
tain degree of control from the higher centers, for both motility and se- 
cretory phenomena, especially the conditioned reflex type of secretion, are 
affected by obliteration of the cerebral cortex in dogs. This central or 
reflex control of secretion, however, affects ordinarily only the first gush 
of gastric juice which occurs before the meal is taken or while it is being 
iq^fnedated through the gustatory nerves. What regulates the flow of 
gastric juice after the meal is safely in the stomach? Following the demon- 
stration by Bayliss and Starling of secretin as the hormone of the pancreas 
providing for ^e flow of that juice as long as add chyme is coming into 
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the intestixie, Edkins (1906) first demonstrated the presence of a smilar 
hormone in the stomach, later named gastnn by Keeton. Ivy and Farrell 
(1925) have now placed the hormone control of the stomach beyond the 
shadow of a doubt by their transplantation experiment. Cutting off a 
little bag of stomach wall in the fundus with its blood supply, Ivy trans- 
planted it into the mammary gland of a dog which had recently suckled 
a litter of pups. Waiting until a new blood supply was established from 
the mammary vessels to this little stomach, he then severed the original 
supply including any extrinsic nerves. A fistulous opening into the pouch 
enabled him to study the rate of secretion from its gastric glands. When- 
ever the dog was fed, the pouch secreted. The only possible connection 
between the stomach remaining in its normal position and the transplanted 
pouch was by way of the blood supply. The substance which stimulates 
(*.e., gastrin) is formed whenever food reaches the pyloric portion of the 
stomach. It is formed by the gastric mucosa in that region, absorbed into 
the blood, and carried normally around through the general circulation 
and back to the fundic glands. In Ivy’s experiment it is not certain that 
gastrin was the agent but something in the blood was carried also to the 
transplanted pouch and caused it to secrete. Various substances in the 
pyloric region, like extract of meat, products of protein digestion, soaps, 
lactic acid, butyric acid, pancreatic juice, bile, soda solution, dextrose, 
extracts of vegetables and alcohol, can stimulate the production of gastrin 
and thus indirectly stimulate the fundic glands where only HCl as well 
as pepsin is formed. Moreover, these same substances stimulate the pro- 
duction of gastrin, not so effectively, but demonstrably, when introduced 
into the duodenum (see Keeton and Koch, 1915). We thus have a provi- 
sion for the continuous production of gastric juice after we have lost inter- 
est in the food from the psychological point of view. 

The secretion of gastric juice therefore would seem to be related to the 
enq>tying movements of the stomach by having a common cause. McCann’s 
recent work indicates, if it does not prove, that the emptying depends 
on irritability of the pyloric region and on the stimulating action of the 
food to produce tonic and peristaltic contraction. Food in this same 
region excites the production of gastrin and consequently of gastric juice. 
Demonstration of a direct relationship between the two phenomena is ap- 
proadied in the e:q)eriments of Ivy and Farrell (1926) in which the trans- 
planted gastric pouch was shown not only to secrete when the stomach 
proper secreted, but also to contract when the stomach proper contracted 
and to rest when it rested. Does the common cause act on the two medi- 
anisms by means of the same agency or only amultaneously? Balfiun 
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(1928) has reported recently on some Russian woric done in 1923 and 1924 
which shows that extract of beef put into the circulation can stimulate 
intestinal movements and when placed in an isolated loop of intestine can 
cause movements in another loop with which the first is coimected only 
by way of the blood. Is there a motor hormone produced in the pyloric 
region of the stomach by absorption of food or is the food itself, after 
absorption, the stimulating agency to produce relaxation of the pyloric 
musculature and increased tonus and peristalsis above? 

Whatever may be the explanation, it is quite clear that modem work 
tends to confirm the statement of Beaumont that “from the time food is 
received into the stomach until that organ becomes empty, portions of 
chyme are constantly* passing into the duodenum, through the pylorus.” 
This takes place slowly at first, “but is rapidly accelerated towards the 
conclusion of digestion, when the whole mass becomes more or less chymi- 
fied.” “As the food becomes more and more changed from its crude to its 
chymified state, the acidity of the gastric fluids is considerably increased 
• • • • and the general contractile force of the muscles of the stomach is 
augmented .... giving the contained fluids an impulse toward the py- 
lorus” (loc. cit. 113). 

J.R.M. 
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Introduction 

M ilk always has been, and will undoubtedly continue to be, the 
most important and indispensable single food of man. Because 
of its importance in the dietary of the infant and growing child as well 
as the adult (1) its nutritive properties have been studied more than those 
of any other food. The present investigation is concerned with the degree 
of destruction of vitamin C during the boilmg of this food. This is impor- 
tant to the public health, as the pediatrician usually feeds boiled cow’s 
milk, when necessary to supplement or supplant breast feeding, for the 
purpose of obtaining satisfactory si^ ,of the particles of curd in the in- 
fant’s stomach (2). It has been foimd that this is a most effective means 
of contxdling the incidence of those alimentary infections known col- 
loquially a| “Summer Complaint” (3). With the development of the 
practice of filing milk there has been considerable eAudence advanced to 
show that (My milk is not as rich in antiscorbutic properties as some other 
foods (1, 4L Althougpb we would not care to depreciate the use of other 
foods contsu^g high potencies of vitamin C, we would not pass lightly 
over the iso^rtance of milk as a source of this antiscorbutic vitamin, 
opeciidly view of its early reputation as the sole success source of 
aft a&^8e(4iDutic agent for infants. 

C was 8el(E£ted for study in our cooking experiments, since 
this iippeais tq be the msM unstable vitamin. The effects are clearly 
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dffeieBtiated by tbe mariced rdbidw (if not abscdute) differeace in sm- 
cqptibSity nf tbe rat and the goinea pig to its abamce. M <»eover, changes 
in academic thoni^t are less likely to make abruptly djsolete the results 
of studies based upon such differences between two spedes of animals. 

Itesa and Fish (5) state that milk boiled for a short period does not 
induce scurvy so readily as pasteurised nulk, although both practices 
lower the vitamin C content. Home pasteurization is less deleterious than 
industrial pasteurisation, since the latter involves e!^)eci8]ly problems 
of aging. Evaporated milk ordinarily contains no vitamin C (6, 7} 
thou^ sweetened condensed milk may contain it (4). Dried milk powder 
may contain it even in conriderable amounts (4, 8). Hess (4) states that 
a pint of ordinary city milk a day per nurang inhmt would generally 
suffice, and this b within the regular feeding regimen. The fact that the 
infant at present is generally left to get his vitanun by “probability and 
chance,” under conditions which are adverse to him, is sufficient to em- 
phasize the marked possibilities of developing a milk supply sufficient in 
vitamin C for maintainence of health. 

The fundamental factors operating to affect the vitamm C content of 
milk are; feeding practices of dairymen (9, 10, 11, 12), and temperature 
and exposure of the milk to oxygenation after it is produced (4), namely, 
storage practices, cooling, straining and pasteurization and repasteuriza- 
tion. Under the caption of oxidation par se, is also included the effect 
of the container coming in contact with the milk, because any effect this 
might have would probably be catalytic oxidation. Copper has been shown 
by Hess (13) to be particulariy conducive to destroying vitamin C during 
the pasteurization process. Bright copper seems to less liable to produce 
off-taste in milk when it is used immediately after deiming (14), pre- 
sumably since there is less oxide on the surface at this time. McCollum, 
Simmons, and Becker (15) have shown that ferrous sulfate added to the 
prepared type of rat food is conducive to the destructkm of vitamin A. 

The catalytic action of metals, especially those possessingt uaore th^n 
one valency, is too well known in the field of chmnistry to di jewAnd ccmi- 
ment (16). Mellor (17) states that aluminum possesses only <me valency. 
Moreover Waters (18) has shown that aluminum and tine ate inactive 
and stdtable dor containers for transformer oils which are subject to 
oxidation whereas some other metals are less stdtable. It would ^p^pear 
poatible, therefore, that aluminum might be shown to possess a distinct 
advantage as regartb the absence of any mddative effect cm vitamin C. 
Its qualilhis in other respects for daky ocpiiptment and coitparisetts with 
otlmr metals axe hdly dbcuased by ItaOnr, Coides and Itissen (19). 
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GenesaIt Discussion or Methods, or Assayino the 
AN nscoEBtm: Vitahin 

M the preaoit state of our knoii^edge, vitaxoins are known only by 
their efiects on animus. Hieir chemical isoladon has not yet been ac- 
comi^ished and recent work on vitamin D and ultra-violet light illus- 
trates that it is a debatable question whether they are entities or states of 
matter. Man, monkey, and the guinea pig, are the only animals, with the 
posable exception of the domestic pig, known to be susceptible to scurvy 
(4). Guinea pigs are used practically exclusively for studies on vitamin C. 
Whether vitamin C be simple or a complex mixture, this term refers merely 
to a difference in the response of rats and guinea pigs to the same particular 
diet. 

Several methods of assaying vitamin C have been proposed. Ordinarily 
comments upon these should be confined to a communication primarily 
on methods, except for the fact that a misconception exists in the minds 
of some as to the accuracy and the full meaning of an assay. At present 
the methods are at best “crude” (4), and the information obtained is of 
relative value only. The fundamental fact underlying this situation is that 
it is impossible to evaluate exactly degrees of effect, as one would detehnine 
them by weight or by titration. The best that can be done in a physiologi- 
cal assay is to manipulate dosages until a fairly general and easily recog- 
nizable effect is obtained (20). Moreover, animals may vary considerably 
in initial vigor as well as in response, even when care is taken to obtain as 
mndi equality as posriUe. Furthermore, when one considers that the 
line of distinction between the state of health and the state of disease, 
as well as that attribute known as “physiological reserve” (which comes 
into play in time of stress), are still fruitful subjects for debate, we would 
e:q>ect Aat the scurvy assay would necessarily be one of the topics in- 
volved. 

The designation of a method of assay as the “minimum protective 
dose” method hnplies that we have reaped the stage where we readily 
recognize cmnplete protection. This is not so, because of our inability to 
distmg mtfi between the real protection, involving the optimum dose, and 
Apparent protection, which merely is tiie stage of inuninent or incipient 
scurvy. Ithas been reported that 15 cc. of milk protected one out of three 
30 cc. i^tected two out of three, and 50 cc. protected all (10). 
iy conuimn ctmaent any mw of these doses could be taken to mean Ae 
“irdoteum iwotective dose” according to whether we mean protecting 
alwr, SOper cent, or practically all animals. Tluee cc. of fresh 
c^ahed lOttaha is said to be the “minimum protective dose,” but 
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all animals fed this dose, and so rqmrted, had mild or very mild scurvy 
at some stage (21, 22). The terms as used expenmeutaUy, therefore, 
may have difierent meanings wd these possible differences in the points 
of view should be considered. 

The short and so-called “minimum curative dose” method which is 
used for tests on fresh fruits, etc., in season, has the same objections. It 
implies to the casual observer, who is not familiar with scurvy experi- 
mentation, that we can produce standard and exact degrees of scurvy, 
and that complete curing is possible. Both assumptions are far from 
proven. Although the method is useful we should appreciate the relative 
meaning of the results. 

Sherman and his pupils (21, 22, 23} have elaborated a numerical scoring 
S 3 rstem for the statistical treatment of pathological findings. Interpola- 
tions (23) have been suggested as well as extrapolations (12). We have 
also used this system merely as a shorthand method of recording within 
limits the degree (1, 2 or 3, or mild, moderate, or severe) of the lesion 
found in various locations. Undoubtedly some system which will sum- 
marize pathological findings in a satisfactory form is much needed. We 
have taken the average of the individual scores of our animals in the 
same groups, but for the present would prefer to limit the interpretation 
from the scoring of pathological lesions and their statistical treatment, to 
only those degrees of difference which we might be able to bring out by the 
more laborious method of considering each group of individuals separ- 
ately, and by their general distinction from individuals in other groups. 

Another factor enters, namely, in the indirect or “secondary” effects of 
the vitamins. In ophthalmia, due to lack of vitamin A, infection un- 
doubtedly plays the dominant rdle in the outward symptom. It has re- 
cently been suggested that the outward manifestations of beriberi (24) 
are due to an infection, which is made possible by lack of the antineuritic 
vitamin. There have been numerous theories as to the infectious nature 
of scurvy (4). There is no doubt that scorbutic animals are infected. 
So long as we rely on morbid states and conditions as revealed dinicaliy 
and pathologically, it does not sem that we will avoid entirely assaying 
the chances of an animal becoming infected and acting as a host, rather 
than the primary effect of an absence of vitamin on the animal’s own 
functions. This situation illustrates the more sound logic in ««i‘ng the 
cq)adty for growth or other physiologic attributes for assaying vitamms. 
The lamentable situation, however, is that growth curves in scurvy esperi- 
matts have not generally been found to be suitable for use, pzol^bly on 
account of the genetic heterozygosity in ordinary stodc u ^ell 
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as latent and chronic disease in commercial guinea pigs. The alien articles 
of diet, such as milk, which we attempt to test upon this species of animals, 
together with unnatural methods of administration, jdso influence the 
well being of many animals. Undoubtedly progress in the assay of vitamin 
C may be expected as soon as these mitigating circumstances are improved 
or eliminated. 

All investigators working within the last decade meet on common 
ground in that they have, if possible, employed growth curves, food 
intake data, clinical appearances and gross post-mortem findings. Histo- 
logical findings might help bridge the width of the gap between “minimum 
protective” and optimum dosages, but would probably not result in 
any greater sharpness of the decision. For the present the greatest hope 
of security is to be found in collection of the maximum amount of data 
possible and the test of conclusions in as many ways as possible. The 
statistical manner in which investigators often have to treat their data 
and the dynamic way in which growth, appetite, sjonptoms, and patho- 
logical lesions progress and regress, suggest that the investigator will 
eventually have to readjust himself and come to analyze nature’s mani- 
festations entirely from his own point of view. 

Ex;perimental Procedure 

Commercial guinea pigs were used. These were obtained from the 
minimum number of breeders possible. A short preliminary period in the 
laboratory permitted an adjustment to cage life and the elimination of 
Ix>or eaters, as well as poor consumers of milk. Animals were kept in 
tinned iron, woven wire cages having 2-1/2 meshes to the inch. Trays or 
pans, as well as the false bottom screen, were of tinned (dipped) iron. 
The cages were completely demountable. Ammoniacal vapors attacked 
these cages at“pinholes” in the tin plating, but they were entirely resistant 
to alkaline cresol disinfectant. Opal ointment jars of four ounce capacity 
served as feeding cups, and were wired into a comer of the cage. Water 
was given by an inverted bottle with a glass tube which projected into the 
inside of the cage. Animals were weighed, food changed, and water bottles, 
trays and screens, sterilized every third day. These duties, as well as the 
feedbg of milk, were carried out on Sundays and holidays as regularly 
asonwedkdays. 

Diet. We used the diet of Kenny (23) and MacLeod (12), with allow- 
ances lor differences in the size of the doses of liquid milk fed by varying 
the butter fat and the skim milk powder contents. The value of the 
assumption that the amount of milk solids would thereby become equal 
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for all animals was not conqdetdy realized, as the appetite was usually 
disproportionately restricted in the animals receiving the larger doses of 
liquid milk. The composition of the diet and dosage of milk are given 
in Table I. 

Tabus 1 

Composition op Diets in Teems op Estimated Amounts op One Day*s Ration 



62.50 cc. 

50 cc. 

40 cc. 

32 cc. 

25 cc. 

20 cc. 

0. cc.* 

Heated skim milk 

gms. 

gms. 

gms. 

gms. 

gms. 


gms. 

powder 


1.124 


2.88 



6.0 

Bran 


4.0 


4.0 



4.0 

Rolled oats 


7.8 


7.8 

7.8 


7.8 

Butter fat 


0.376 


0.92 

1.2 


2.0 

Sodium chloride 


0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

Total dry diet 
Protein in dry 


13.5 

14.8 

15.8 

16.8 

17.5 

20 

diet 

Total crude pro- 

1.88 

2.27 

2.68 

2.97 

3.24 

3.45 

4.15 

tein per day* 

4.05 

4.01 

4.07 

4.08 

4.11 

4.14 

4 18 


1 Full basal diet, (See Tables II and IV). 

* Assuming that the ration herein calculated was completely eaten and including the protein 
in liquid milk led. 


Our first experience during a preliminary experiment with heated 
skim milk powder revealed that the described method for its devitamin- 
ization was not adequate for our particular sample of material. We next 
made arrangements with Mr. R. S. Fleming of the Merrell-Soule Company, 
Syracuse, New York, to heat a large batch of powder in an industrial roaster 
at 110° C for four hours, with constant stirring and continuous aeration, 
believing that this would be conducive to securing a more certainly 
devitaminized product, on accotmt of continuous mixing and good ex- 
posure to air. 

A series of 10 negative control experiments was run on this batch of 
heated ddm milk powder before the regular experiment was started. 
(See Table II). Since the average was one day less than that in the series 
of LaMer which we have summarized in Table U, and rince two of our 
contemporaries who are fully familiar with this heated skim milk powder 
diet told us that occarionally a negative control animal may live kmg^, 
than the 34 day period, on a diet eomfdetdy free from vitamin G, we 
assumed that the diet was free £tom mtamin C. Later #e became sus- 
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{udous of the stiffidency of the absolute value of this negative control 
test, and ran another series of seven tests which also are shown in Table II. 

We also made a more careful and critical review of the literature and 
found that as regards scurvy-producing diets, investigators were grouped 
into two camps, one daiming that their particular diet was free and the 
other realizing the inadequacy of criteria for judging the test and being 
satisfied with a diet which would give evidence of producing acute scurvy 
and death in relatively short experimental periods. The evidence is 
entirely in favor of the latter group because, as far as any proof is con- 
cerned, there is none which shows how long guinea pigs should live; 
as no diet had been proved to be free from vitamin C, nor has the influence 
of previous diet upon longevity been studied. Reference to Table II will 
reveal that the time of heating skim milk powder has been increased from 
2 to 4 hours by succeeding observers with the result that longevity has 
decreased. We do not interpret this as any evidence that the diets used 
by LaMer (21) and Sherman, LaMer and Campbell (22) or by Kenny (23) 
contained vitamin C, but rather cite this possible coincidence and con- 
clusion to indicate the impossibility of being absolutely certain one way 
or another. 

As a result of this dilemma, we ran a series of negative controls on a 
diet of oats, bran, butter fat and salts. This diet, plus tomato juice, 
we have shown also to be adequate for nutrition. We also ran a series in 
which 2.2 cc. of the raw milk used in this investigation, diluted to 10 cc. 
with water, was fed daily for 27 days (being discontinued then on account 
of causing some aspiration pneumonia in weak and scorbutic animals) 
with the result that 7 satisfactory experiments lasted 33 to 40 days, or 
an average of 35.7 days. Since this is 5.5 per cent of the certain minimum 
protective dose herein reported, we reached the conclusion that there was 
certainly not more than 2.25 per cent of the minimum protective dose of 
vitamin C in a day’s ration of our full skim milk powder basal diet. 
Actually this error is still further reduced, as consultation of the Table 
will reveal that the amount of heated skim milk powder which we fed was 
from two-thirds of the amount in the full basal diet to no milk powder 
whatsoever. Consequently this magnitude of error is entirely within the 
accuracy of the method of assay of antiscorbutic vitamin and need be 
given no further concern. We have, in presenting these data, gone on 
the pure assumption, as all others before us, that oats and bran contain 
no vitamin C. 

It diould be noted that our technique differed from that of others 
using the skim milk powder diet, in that we used one large lot of powder; 
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wl^eas the customary procedure in its preparation is to heat the powder 
from time to time as needed, thereby placing the burden of experimental 
crediility upon the method of heating rather than upon the food material 
itself. The usual custom of testmg the diet is to run one to three animals 
simultaneously, and about three sets during a regular 90-day experiment. 
Our results would indicate the importance of more numerous tests per- 
formed dmultaneously, which is another reason for preferring a large, 
single lot of each dietary constituent. 

Two lots of rolled oats, two of bran, and two of butter were used. The 
first lots were tested in the first series of negative control experiments 
reported in Table II and the second lots in the second series, respectively. 
We regretted this procedure but were unable to avoid it as the supply of 
the first lots of dietary ingredients gave out. 

Quality and Dosages of MUk. Our preliminary experiments on city 
delivered certified milk from cows fed on the pasture revealed that SO 
cc. were insuflScient to protect guinea pigs from scurvy. Believing that 
this was evidence of destruction through apng, probably as a result of 
oxidation, we cast about for a means of obtaining milk as soon as possible 
after milking. We were able to make arrangements with the Hermes- 
Groves Dairy Company, now a unit of the Liberty Milk Company, for 
obtaining from their Braebum Dairy daily at 9 a.m. certified raw milk 
which had been milked at about 4 a.h. the same morning. The milk was 
mixed milk obtained from the same three cows for about the first two 
months of the experiment, but later (owing to three or four accidents, 
such as fire, reorganization, change in personnel etc.) some changes in 
animals had to be made. We therefore lost this continuous phase of our 
experiment, although each cow used throughout our experiment was on 
35 pounds of green com ensilage a^d the regular feeding regimen 
based upon quantity of milk produced by each cow. 

Three groups of experiments were started; raw milk, milk boiled in 
aluminum, and milk boiled in glass. Dosages of 62.5, 50 and 40 cc. were 
started in the two boiled milk series and 50, 40 and 32 cc. in the raw series. 
These dosages stand in relation of 25 per cent increases or 20 per cent 
decreases. Some replacements were necessary early owing to some acute 
imeumonia, as well as to some animals, especially in the larger dosage 
groups, going off the diet. Within six weeks of starting the original experi- 
ments, two lower dosage groups had been started in each series, (25 and 
20 cc. raw milk, and 32 and 25 cc. dosage groups on boiled milks) owing 
to the general failure of scurvy to appear in the animals which had been 
first started. 
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Adminiskation of Milk. Milk was administered Iqt a pipette in pref- 
erence to feeding in caps, to avoid losses from spilling and to eliminate 
variations in the willingness of the animal to consume a given amount 
of milk. This was also done to eliminate variations in the time of con- 
sumption which might have affected its vitamin content, especially at 
room temperature, as well as the consiunption of cream layers. MacLeod 
(12) also fed milk with a pipette. All others have employed cup feeding, 
at least in part. 

It can not be stated that feeding milk by pipette is free from objections. 
MacLeod found 50 cc. the limit. We accomplished feeding 62.5 cc. per 
300 grams body weight but not without considerable effort, a high per- 
centage of animals going off the diet. We feel that both these dosages are 
too large for a most satisfactory and easily conducted series. The diffi- 
culty came apparently from too much swallowed air, the nitrogen prob- 
ably not being absorbed from the intestine and not being readily 
propelled along in the larger amounts. Animals on high dosages were 
occaaonally quite “bloated.” The condition is probably similar to colic in 
the nursing infant. Every effort was made to save those responding poorly 
at the start, but we feel rather that efforts should be con&xed to starting 
a sufficient number at the beginning to permit elimination of those which 
show any tendency to restrict their food intake too much. 

The capacity of the stomach of guinea pigs would seem to be at least 
25 cc. per 300 gms. body weight, but we have limited the feedings except 
in special cases to 20 cc. and less. Postmortem examination of animals 
some time after feeding large doses revealed that functioning of the 
stomach was grossly perfect. Whey tended to leave rather soon while 
curds were retained. Hess states that it requires 80 to 100 cc. of milk 
a day to protect guinea pigs, (weight of animals not stated) and we infer 
that very few will consume this amount by cup, even when jn'offered 
over a long period of time. After all things have been said, we believe 
that feeding by pipette is nevertheless the more desirable, since it is con- 
ducive to the greater accuracy and certainty, but it is expensive and time 
consuming. In practice it amoimts, in either method of feeding, to the 
obtaining of a sufficient number of satisfactory animals. The rate of feed- 
ing milk by hand is about 80 cc. per hour under average conditions. 

The milk was measured in 25 cc. graduates. Allowances were made by 
weight for any losses in feeding by catching that which was dobbered or 
spat out, (m a doth and by w^mm; off the chin. After several days most 
animals learned to drink without loss. The {apettes were of hard glass, 
of about 7 cc. capadty, and had a narrow, practically cylindrical t4> 
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about one half inch long. A conunercial rubber bulb of ^ ounce capacity 
was used at the upper end. Care was taken not to trap milk in the rubber 
bulb. The glassware and rubber bulbs were sterilized each day in alkaline 
hypochlorite solution, and also after feeding any pneumonic pigs which 
we may have tried to save. Animals with colds or pneumonia were isolated 
from the healthy ones and fed separately. 

Boiling and Core of the Milk. It required an average of 19.3 (±2.2) 
minutes to bring milk to the boiling point in the aluminum sauce pan and 
26.9 (±4.2) minutes in the glass beakers. (The standard deviations are 
given in parentheses). The rate was the natural one for the aluminum, 
but it was pushed in the case of the glass as rapidly as possible, without 
securing a scorched taste, in order to bring the time for glass as nearly 
as possible to that for aluminum. Light boiling was continued 5 minutes, 
which is the time used by Hess (4) and also given by Brennemann (3). 
Some pediatricians use less time. Three quarts of milk were boiled at 
one time, which represents more than a probable maximum in the home 
or hospital. 

As soon as practicable the hot milk was poured through a cheese cloth 
in a glass funnel into pint bottles and stored in an electric refrigerator 
kept below the freezing temperature. No milk froze up to the time of the 
last feeding. The milk was at room temperature when fed, being taken 
as needed out of a pint bottle, exposed to the air but covered with a cap. 
Equalization of any errors introduced at this stage occurred, since the 
order of feeding differed from day to day. The utensils were thoroughly 
washed daily, the aluminum pan being polished with steel wool. The 
pint milk bottles were sterilized daily in the oven of a gas range. The age 
of the milk fed, considering time in transit and averaging early and late 
feeding times, was practically always under 10 to 12 hours. 

Discussion of Experimental Results 

There are given in Table III the analytical results from the boiling 
of water and milk in aluminum. The amounts of aluminum taken up are 
to be regarded as within the limits of the unavoidable. Such amounts could 
easily come from sources other than aluminum cooking utensils such as 
dust amtamination as well as hydrolysis of rock and soil on weathering 
in wati^ sheds and in rivers. There are also given in the table the results 
of analyses performed upon whole milk powder. Since liquid milk is 
onO’-eil^th solids, dividing these results by 8 would bring the concentration 
of aluminum in remade whole milk to 0.4 to 0.5 parts per million. These 
lesiiUs w therefore in agreement with those of other milks examined. 
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The analyses were performed colorimetrically with the dye aurin tri- 
carboxylic acid. Iron was separated by the cupferron method. Full 
recoveries of added aluminum were obtained. The expression of the 
results is in round numbers on account of an experimental error of about 
10 per cent, as well as the concentration of aluminum being the least 
that is susceptible to handling conveniently. 

There is given in Table IV a summary of the animals receiving the 
full basal diet plus 15 grams of fresh spinach daily. These animals were 
fed for 89 days or more, and were for the purpose of furnishing control 
autopsy material. They were not for the purpose of positive controls in 
the true sense, since these latter experimental animals are properly found 
at the top of a scurvy series. Controls on the basal diet plus 15 grams of 
spinach daily shoiild, however, be identical with those which one would 
obtain at the top of an experimental series, if several conditions did not 
enter. We do not know at present that the skim milk powder diet is 
optimum in all respects. It is known, but not well known, that animals 
receiving protective doses of vitamin C from different scources, but the 
same basal diet, may differ in growth*. 

The growth of these animals was satisfactory, because others were 
eliminated early that failed to react so. Since there were fewer animals 
than the number of days on which animals of the regular experiment 
were killed for autopsy, we dispensed with the service of an autopsy 
standard on several days, but held animals in readiness for use if needed. 
The condition of these autopsy controls was good except that one gave 
evidence of having had a respiratory impediment, probably pneumonia, 
as judged by rotated and somewhat angulated ribs. Broadening of the 
ribs, especially the junctions, was found in two; but the relations of the 
finer details were absolutely normal to the naked eye. Our early suspicion 
that broadening of the ribs was of scorbutic origin, possibly being a 
reaction to less than the optimum amounts of antiscorbutic agent, was 
neither confirmed or disproven. The condition was not infrequently 
found in animals concerning which no suspicion of scurvy was ever had. 

Since we used commercial animals, we realized the necessity of controls 
for estimating their quality. Twenty-six animals became available early 
in the preliminary period in which the response to milk was being studied. 
These were killed and autopsied and found to be free of scxirvy. Later 
four more were obtained, remainmg from a group of substitutes, and were 
likewise free of scurvy. These animals, however, showed some pneumonic 
conditmns which we attributed in part to accidents during the preliminary 


* BaMOBsteoaanOTfcmtkai from Prof. W. H. Eddh^. 
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period. There was also some chronic lung disease more or less of which is 
always found in commercial animals. Later 50 animals came to autopsy, 
which included members from all lots of animals which we purchased; 
two of these animals were regarded as doubtful but given zero scurvy 
scores, and two were given scurvy scores of “ 1” each (maximum score * 27). 

For all animals the chances are then two in seventy, or about 3 per cent, 
of meeting traces of scurvy existing previous to entering the laboratory. 
We would call attention to the general absence of any control of this sort 
having been regularly exercised by investigators, especially those using 
commercial animals, and would certainly feel that this source of error 
should be carefully controlled in the future. Cavenaugh, Dutcher, and 
Hall (8) have called attention to the necessity of examming animals for 
signs and symptoms of scurvy before use. All investigators attempt a 
short preliminary period of feeding before starting the regular experiment. 
It is questionable, however, whether even these precautions will suffice, 
particularly if we employ histological evidence, as the lesions of scurvy 
have not been proved to heal by resolution or without leaving marks of 
their previous existence (25). It is probable that the most satisfactory 
solution of this matter will come in breeding animals in the laboratory 
after the methods of scurvy experimentation become sufficiently facile 
to permit the emplo3anent of smaller numbers than are at present required. 

A summary of the clinical and patholo^cal scorbutic findings is given 
in Tables V, VI and VII. The data obtained from animals surviving 
the full experimental period are given separately from those obtained from 
animals which died previous to the expiration of 90 days, but after the 
4Sth day. The experiment passed through the vicissitudes of an acute 
pneumonia epidemic at the time of the general human epidemic of Decem- 
ber, 1928. By reference to Tables VIII, IX, and X, those animals show- 
ing no pathological lesions whatsoever, other than those of scurvy, or 
simulating scurvy, can be identified, so one is privileged to make a com- 
parison on the basis of only the entirely healthy animals if desired. 

The presentation of the clinical data is self explanatory, with the excep- 
tion of the doubtful column. This column lists those cases in which we 
deemed that the animal would bear watching but on which we were 
unable to make a poritive diagnosis. Every investigator discovers this 
dilftniTna because all scorbutic become “nervous” or “touchy” 

while all nervous ones may not have scurvy. The clinical information as 
listed refers to a determination of the worst condition which was reached 
at any during the course of an e^^riment. Those with no scurvy 
weie obviously free the entire period. The tables do not enumerate re- 
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lapses or remissions. Although for the most part the scorbutic state is 
dynamic, some stationary cases were observed. 

The method and value of soaring has been previously mentioned. Since 
a record of pathological findings is distinct from a pathological diagnosis, 
we have recorded rigorously those conditions which were present even 
though we were of the opinion that they were not always primarily and 
in strict fairness to be attributed to the experimental treatment. The 
latter is indicated in the column under “remarks.” Old hemorrhages 
present quite a problem, as hemosiderin may remmn for a long time in 
situ and confuse the unwary, though due to pre-experimental circum- 
stances. Also the post-mortem scores may be exaggerated in some cases, 
owing to the fact that the hemorrhage per rhexis is of traumatic origin (24), 
while the tendency to have a hemorrhage, is undoubtedly scorbutic. We 
have ample evidence from other experience that an animal on the scorbutic 
threshold, presumably with no lesions present which the naked eye would 
discern, can have a severe muscular hemorrhage as a result of exertion, 
and give a higher score than his so-called peers or equals. We have used 
ether in terminating experiments, and thereby avoided the possibility, 
encountered by some others, of chloroform producing hemorrhages. 

The peculiarities of this series of^experiments are found chiefly in the 
experiments in which the larger doses of milk were fed to rmimals not 
surviving the full experimental period. One animal receiving SO cc. of 
raw milk had definitely scorbutic ribs. One animal receiving 62.5 cc. milk 
boiled in aluminum had an attack of respiratory disease and pulmonary abs- 
cesses containing greenish pus. We suspected arthritis, even ante-mortem, 
and the wrists were acutely swollen, being much larger than any scor- 
butic wrists which we had seen up to that time. There was no hemorrhage 
or congestion about these joints upon gross post-mortem examination 
and no evidence of scurvy was found elsewhere. Two animals in the 
50 cc. group had traces of old shin hemorrhages which we believe were 
acquired before or perhaps very early in the experiment as result of pre- 
experimental circumstances. Likewise two animals, one receiving 62.5 
cc. of milk boiled in glass and another 50 cc., presented conditions which 
we assigned to other than direct e:q>erimental causes. The effect of these, 
if one is to interpret , them for the worst, is to push the certain protective 
dose hi^er into dosages which it is not only impossible but impractical to 
feed. Lx view of what we have said, as w^ as the result of our examina- 
timx of the qualiQ^ of commercial animals which we used, and the hi gh 
inddmoe of alim e n tary disturbances in animals In the high dosage gmup a, 
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we have disregarded these ocessional irregularities, presenting them here 
only for the sake of completeness. 

There are, nevertheless, enough data to allow us to draw conclusions 
after the complete rejection of all animals dying during the course of the 
experiment, in which case the number of unusual results is considerably 
decreased. The general trends take precedence over too weighty an in- 
fluence of one experiment on account of the paucity of data in individual 
groups (even though the total animals used are large in number). A 
tendency exhibited by, or conclusion drawn from, one group is moreover 
expected to be strengthened by that from other groups. 

Twenty cubic centimeters of raw milk and 25 cc. of each of the boiled 
milks are practically on a par and 40 cc. of the raw milk and SO cc. of 
each of the boiled milks are also about on a par. In the former case prac- 
tically all animals were a£9icted with certain scurvy, either diagnosed by 
clinical observation or by p>ost-mortem examination or both, whereas 
in the latter there was a general freedom from scurvy both clinically and 
pathologically. Intermediate groups bring out intermediate effects. 
These data, therefore, support the conclusion that boiling of milk, as in 
our experiments, reduced the concentration of the antiscorbutic potency 
to 80 per cent of its original value, and that there has accordingly been 
a 20 per cent loss. They also show that there was no detectable difference 
between boiling in the two types of vessels. Since glass may be taken for 
the present as an example of an inert standard, it follows that aluminum 
is equally good, and that the destruction of that amount of vitamin which 
did occur, is referable to the boiling process alone. 

These data conform to the existence of a range of apparent protective 
doses, in contradistinction to a precise and one-level protective dose, 
unless such level be an arbitrary or a statistical one. This has been the 
experience of other investigators(lO). It is also the point of view of Hess 
(4) when he says that it takes a pint of milk a day to protect an infant, 
in that he refers to the elimination of practically all cases and not to an 
incidence of 50 per cent. Moreover, such an experience is well known in 
pharmacological and toxicological studies, (26), and it would seem im- 
portant for future investigators to bear this in mind in formulating their 
schemes of attack when assaying vitamin C. 

The individual gains in weight and food intake are given in Tables 
Vni, IX, and X. No animals are included which showed any pathology 
other than scurvy, even though the pulmonary lesions were entirely 
localized or of an incipient type. The reason for this exclusion is that 
wt have found by extensive study that this condition is frequently asso- 




342 


DESTRUCTION OF VITAMIN C 


va.n,m.4 


Tabu V 

SinaiAn ov Cumicai. IbsKmoss amd Posr-UoKmi ExAnniAnDK ta GmoA Fhm 
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Tabu V—ecHUmud 


25 

■ 

Degree cd Clinkal Scurvy 

2 

1 

1.5 

0.5 

3. 

1.5 

f Recent haem. 

\ violent injury. 

a 

X 

X 

X 

X 

X 


Av. 90 day and 
Grand Total 

5 1 

1 

1.6 

20 

90 509 

X 


5 



90 511 


X 

1 



90 514 


X 

7 



90 517 


X 

6 



90 523 


X 

6 



90 525 

X 


0? 



90 527 

X 


3.5 



Av. 90 days 

2 1 

2 2 

4.1 



80 512 

X 


11.5 



87 515 

X 


3 



Average less 

i 





than 90 days 

3 2 

[■■■Mi 

7.25 



Grand Total 

3 2 

2 2 

4.8 



dated with poor growth and appetite and with the shortening of life of 
animals receiving no vitamin C in their diets (negative controls). Although 
in some animals this does not appear to be the case, we have, nevertheless, 
adopted the policy of eliminating such experiments from immediate con- 
sideration. 

By comparison with those animals recorded in Table II it is seen that 
the animals fed milk by pipette grew rather poorly. We are inclined to 
attribute this to lack of appetite in some cases, dnce the growth per gram 
of food consumed was sometimes as great as in those animals fed the basal 
control. It should be noted, however, that these latter animals received 
^nnach which fumidied additional vitamins, whereas the experimental 
animals received oidy milk. We do not know what the effect of heating 
the milk powder used in our diet was on other or unknown vitamins. 
As the data stwd, there ue insufficient experiments in each group to 
strike a signfficant average growth, contideting the possible individual 
variation whkh is within normal liinits (see Nos. 334 and 421, Table 11). 
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Taub VI 

SimitAKT or CuKiCAi. Hnxosnn amd Posr-Moinai Examnatioh or aix Goimea Pios Fed 

Mujc Boujo) eh Atrannni 





Degree of Clinical Scurvy 

Autopsy 

Group 

Dose 

Dura- 

tion 

Guinea 
Pig No. 

Free Doubt- 
ful 

Slight 

Mode- 

rate 

Severe 

Score 

Remarks 

cc. 

days 







■I 

■1 


62.5 

90 

235 

X 





■9 




90 

303 

X 





0 












Died suddenly. 











Av, 90 days 


2 

0 

0 

0 

0 

Lung Abscess. 










XT-. * 













81 

360 

No diagnosis made 

arthritis sus- 

3? 

macroscopically. 


63 

273 

X 



pected 

0 

Foci of infection 


54 

248 

X 





0 

in wrist found 


63 

364 

X 





0 

1 histologically. 


Av. less than 

■ 

■ 








90 days 


■ 

■ 

0 

0 

0 

0.75 




Grand Total 


6 

0 

0 

0 

o.s 



50 

90 

220 

X 





0 


Old healed 


90 

262 


X 




?1 

Shin ^ 

haem. prob. 


90 

276 

X 





0 


pre-experi- 


90 

382 

X 





■■ 




90 

390 

X 





■I 




90 

403 

X 









90 

408 


X 




■I 


Trace of old 


90 

473 

X 





mm 

Kttee< 

haem. prob. 
pre-experi* 












Av. 90 days and 
Grand Total 


8 

0 

B 

0 

0.19 


mental. 

40 

90 

255 


X 




0 




90 

272 

X 





0 




90 

325 

X 





0 




90 

330 


X 




0 




90 

424 


X 




3 




90 

469 


X 




1 




Av. 90 days 


6 

M 

0 

D 

0.67 




68 

302 

X 


H 




Av. less than 





■I 

B 




90 days 



1 

II 

■■ 

D 

B 




GnUkdTotal 


7 

jJ 

0 

0 

0,« 1 
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Tabu Xl—emtintiei 




Degree of Clinical Scurvy 



32 

90 386 

X 


0? 



90 518 

X 


0 



90 567 


X 

6 



90 570 

X 


0 



Av. 90 days 

1 2 

1 

1.5 



78 412 

X 


1 



57 569 

X 


1 



Av. less than 

90 days 

1 1 


1 



Grand Total 

2 3 

1 

1.3 


25 

90 524 


X 

7 

Easy bleeder 


90 532 

X 


3 



90 533 

X 


1 



90 554 

X 


1 



90 568 

X 


1 



Av. 90 day* 

1 3 

1 

2.6 i 



51 520 

X 


0 1 



81 522 


X 

7 i 



48 530 

X 


0.7 



Av. less than 

90 days 

0 2 


2.3 



Grand Total 

1 5 

1 1 

2.5 



Cavenaugh, Dutcher and Hall (8) used growth curves, but their data 
are more numerous per group than ours. Kenny (23) used growth curves 
in tomato juice experiments. MacLeod(12) omitted consideration of 
growth in milk experiments similar to ours. 

The data obtained from the experiments in which 25 cc. and 32 oc. 
of milk boiled in glass were fed are unique in that they show these animals 
tended to exceed some other animals in growth or were about as good as 
the best. However, there is here shown a tendency for a greater degree 
of scurvy to appear at autopsy. This mi^t be expected under these cir- 
cumstances, and definitely indicates that more data than we have are 
necessaiy before relying upon growth curves. 
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TABtxVn 

SumtAxs or Cumical Hunnixs ahd PosisM(«xcit Exaiomahon or Au Guinea Pigs 

Fed Mnx Booed m Guss 



Dttia- 

tian 

GuineA 

Pig# 

Degree of Cilnica! Scurvy 

Autopsy 

II 

Free Doubt- Slight 
ful 

Mode- Severe 
rate 

Score 

Renuuks 

cc. 

days 









62.5 

90 

33S 

z 





0 

Prob. not an ex- 


90 

480 

X 





Hf 

< perimental 


90 

483 

X 





0 

[affair. 


Av. 90 days 

3 

0 

0 

0 

0 

0.16 



52 

349 

X 


■ 



Av. less than 






B 



90 days 

1 

0 

0 

0 

0 i 

1 

B 



Grand Total 


4 

0 

0 

0 

0.1 


SO 

90 

250 

X 





0 



90 

264 


X 




^E^b 



90 

305 

X 





0 



90 

345 

X 





0 



90 

427 

z 





0 



Av. 90 days 


5 

0 

0 

■ 

0 



81 

455 

X 





0 

fMay partially or 


45 

379 

> X 





3? 

jail Live been 


52 

359 

X 





0 

[pre-experunental 


45 

381 

X 





0 



Av, less than 









90 days 


4 

0 

1 ^ 

0 

0.75 

1 



Grand Total 


9 

0 

0 

0 

0.33 


40 

90 

281 

X 





0 



90 

291 


z 




2 



90 

371 

X 





0 



90 

388 



X 



1? 



Av. 90 dayi 


3 

1 

0 

0 

.75 











































Mar., J930 


SCHWARTZE, MURREY AND HANN 


347 


Table VI I e tn li m ui 




ol Clinica! Scurvy 



40 

S3 324 




Z 1 


1 

2 



66 309 



X 




2 



51 368 

X 






0 



70 307 

X 





1 

0 



Av. less than 
90da3rs 


3 


1 

0 

1 

i 



Grand Total 


6 


2 

0 

i 

0.9 


32 

90 439 





X 





90 400 





X 





90 475 



X 




1.0 



90 498 



X 




0.0 



90 S37 




x 



1.5 



Av. 90 days 


2 


1 

2 

0 

2.6 



66 497 




X 



1 



S3 573 



X 




0 



52 448 





X 


5.5 



Av. less than 

90 days 


1 


1 

1 

1 

2.2 



Grand Total 


3 


2 

3 

i 

2.4 


25 

90 543 



X 




1 



90 544 



X 




6.6 

Recent Haemor- 


90 550 

X 






3.5 

rhage. 


90 558 

X 






1 



Av. 90 days 

4 


3 



72 564 





X 


10 



60 542 



X 




0? 



Av. Imthan 

90 days 

1 


5 



Grand Total 


5 


n 

1 

0 

3.7 



In tbe last column of Tables VlII,DC,andX,the clinical condition of each 
animal is entered. No pathological condition other than scurvy was to 
be found in tiie eiqMiiments recorded in these tables. These data lead to 
the same condtuaon that we drew from connderation of all animals, 
(Tables V, VI, and VII) namely, that about 20 per cent of the vitamin C 
mas dertrcqred in boOing. 
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Tabu vm 

90 Day Exmnam on Raw Mnz 


Group 

Dose 

Ani- 

mal 

No. 

Weight 

Gain 

Food Consumed 

i 

Gain per 
gm.Food 

Scurvy 

Score 

Clinical' 

Status 

Start ' 

End 

Dry 

Food 

Milk 

(dry 

basis) 

1 

Sum 

cc. 


gms. 

gms. 

gms. 

gms. 

gms. 

gms. 




50 

420 

317 

467 

150 



1422 

.105 

0 

Doubtful 


236 

304 

456 

152 




.099 

0 

0 

40 

230 

338 

523 


1257 

506 

1763 

.105 

0 

0 


247 

292 

494 


1109 

439 

1548 

.130 

0 

0 


269 

364 

630 


1373 

586 

1959 

.136 

0 

0 


231 

315 

480 

165 

959 

473 

1432 

.115 

0 

0 

32 

28Z 

334 

481 

147 

1120 

399 

1519 

.097 

0 

0 


306 

371 

468 

97 

1096 

444 

1540 

.063 

0 

0 


504 

307 

500 

193 

1316 

371 

1687 

.114 

0 

0 


2S4 

388 

412 

24 

815 

467 

1282 

.019 

1 

Doubtful 

25 

391 

331 

491 

160 

1460 

309 

1769 


2 

0 


396 

344 

378 

34 

1016 

321 

■SB 

.025 

1 

+ 


416 

297 

476 

179 

1189 

281 

mm 

.122 

1.5 

Doubtful 


445 

283 

452 

169 

1175 

264 

iH 

.118 

0.5 

Doubtful 


450 

318 

478 

160 

1148 

273 

1421 

.113 

3 

0 


452 

293 

450 

157 

1167 

276 

1443 

.109 

1.5 

0 

20 

509 

306 

408 

102 

1194 

231 

1425 

.072 

4 

Doubtful 


511 

307 

485 

178 

1624 

231 

1855 

.096 

1 

+-f 


514 

324 

272 

—52 

1169 

242 

1411 

.... 

7 

+++ 


517 

322 

434 

112 

1536 

242 

1778 

.063 

5 

+++ 


523 

345 

473 

128 

1616 

259 

1875 

.068 

4 

++ 


525 

321 

396 

75 

1 1082 

242 

1324 

.057 

0 

Doubtful 


> “Doubtful” means not certainly diagnosable, and plus marks tbe d^iee of scurvy. 


Stjhmasv and General Discussion 

An experiment has been reported on the destruction of Vitamin C in 
milk by boQing, based upon the development of experimental scurvy in 
guinea pigs. The data do not permit the mathematical expression of 
results with a precision of a few per cent. They do, however, indicate that 
there was no detectable difference in the destruction of vitamin C between 
boiling milk in aluminum and boiling in ^ass. The loss of 'ritamin is 
placed at about 20 per cent. If glass may be taken as an inert stcmdaid, 
it is certain that no detectable cataljrsis by the aluminum is evidwt} 
rather, as was to be expected, the effect is r^erable to the eookhsg #«r w. 
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The data are also of interest in that our winter milk was approximately 
if not actually of the same potency as the best summer milk obtained 
from cows on pasture(9). K a pint of ordinary city milk is required to 
insxire the protection of mfants from scurvy, and if such milk protects 
guinea pigs when fed at the 80 to 100 cc. level (4), it can be said that the 
milk used by us was at least twice as potent, even in the boiled state, as 
ordinary city delivered milk in New York City. We would estimate that 

TabuIX 

90 Dav Exfeuuent on Milk Boiled in ALxmiNini 


Group 

Dose 

Ani* 

mal 

No. 

Weight 

Gain 

Food Consumed 

! Gain per 
[gm. Food 

Scurvy 

Score 

Clinical* 

Status 

Start 

End 

Dry 

Food 

Milk 

(dry 

basis) 

Sum 

cc. 


gms. 

gms. 

gms. 

gms. 

gms. 

gms. 




62. S 

235 

296 

553 

257 

799 

698 

1497 

.172 

0 

0 

50 

276 

290 

441 

151 

839 

546 

mSi 

.109 

0 

0 


382 

357 

517 

160 

996 

669 

1^ 

.096 

0 

0 


473 

306 

414 

108 

954 

574 

1528 

.071 

0.5 

0 


390 

313 

458 

145 

869 

585 

1454 

.100 

0 

0 

40 

255 

345 

561 

216 

1317 

518 

wM 

.118 

0 

Doubtful 


325 

347 

525 

178 

1040 

523 

m 

.114 

0 

0 


469 

290 

440 

150 

820 

438 : 

1259 

.119 

1 

Doubtful 


272 

323 

441 

118 

1004 

484 

1488 

.079 

i 

0 

0 

32 

570 

316 

405 

149 

973 

377 


.110 

0 

+ 


518 

364 

554 

190 

1240 

439 


.113 

0 


25 

554 

329 

390 

61 

942 

309 

IHh 

.048 

1 

•f-f 


568 

344 

449 

105 

1094 

321 


.074 

1 

■f 


533 

387 

518 

131 

1306 

360 

1666 

.079 

1 

Doubtful 


> "Doubtful” means not certainly diagnosable, and plus marks the degree of scurvy. 


200 CC. daily of our raw milk less than 12 hours old would probably suffice 
for the infant, but of course we would recommend more for the sake of 
safety. Dutcher(27) has had the general experience that 30 cc. of milk 
will protect 250 gram guinea pigs, and his observation is to be accounted 
for by the fact that poorly produced and handled milk is an unknown 
quantity at Agricultural Eiperiment Stations and Colleges in the United 
States. 

The data are of importance in that the destruction was of the order of 
oaty W per amt, which is in complete conformity with the historical 
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fact that boiled milk has adequatdy served in the past as the sole or dud 
source of antiscorbutic vitamin for some artifidally fed infants. However, 
this historical fact applies to less strenuous drcumstances than operate 
in a modem dty; and therefore, by elimination, the problem is to obtain 
potent milk to begin with. 

The data are also of considerable interest in emphasizing the necessity 
of some rigorous definition of the term “protective dose” at least for the 


TasixX 

90 Day Expebiment on Mns B<eud in Glass 



Ani- 

mal 

No* 

Weight 


Food Consumed 




Group 

Dose 

Start 

End 

Gain 

Dry 

Food 

Milk 

(dry 

baus) 

Sum 

Gain per 
gm. Food 

Scurvy 

Score 

ClinicaF 

Status 

cc. 

62.5 

335 

gms. 

288 

gms. 

470 

gms. 

182 

gms. i 
540 1 

1 

gms. ! 
675 


.150 

0 

0 


480 

316 

516 


631 

743 


.145 


0 


483 

292 

499 


708 

687 

1^1 

.148 

0 

0 

so 

250 

285 

480 

195 

962 


1496 

.130 

0 

0 


305 

326 

527 

201 

874 


1487 

.135 

0 

0 


427 

344 

552 

208 

1152 

647 

1799 

.116 

0 

0 

40 

291 

274 

504 

230 

1227 

411 

1638 

.140 

2 

Doubtful 

32 

439 

265 

488 

223 

1493 

321 

1814 

.123 

4.5 

++ 


400 

335 

493 

158 

1490 

399 

1889 

.084 

5.0 

++ 


475 

297 

500 

203 

1311 

354 

1665 

.122 

1.5 

0 


537 

400 

665 

265 

1354 

478 

1832 

.145 

I 1.5 

Doubtful 

25 

544 

367 

634 

267 

1451 

343 

1894 

.141 

6.5 

Doubtful 


550 

337 

659 

222 

1410 

315 

1726 

.129 

3.5 



* “Doubtful” swans not certainly diagnosable, and plus maib the degree of scurvy. 


baas of assaying, even if not for computing optimum allowances for the 
animal. The data fall in line with the experience of pharmacologists who 
recognize a latitude between the least dose producing a given degree of 
an effect and a dose producing it in practically all ca8es(26). This the]e> 
fore brings into an assay of this type a statistical ai^ct, regardless of 
whether arithmetical computatimis employed by statisticians are or are 
not performed. It might be imagined that discrepandes between the 
value of equal-size doses would occur in w animal from day to day, 
much as with single <h>ses of a medicament jpven to different at 

the same time. It wonld ag^iem jdaudlde undm these drcumstaadea that 
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unequal effects fzom equal doses of vitamin repeated daily would readi 
an aven^ in the long run, but the theory unfortunately does not work 
out in practice, as evidenced by remissions of disease in the same animal, 
or by a partial inpdence of disease in animals at a ^£^e dose level. When 
this is realized, it4s only one step further to conclude that the agreement 
in a small amount of data is certainly not indicative of high accuracy, 
even in assays involving repeated daily feeding. 

The growth curves and food intake data were of no help in drawing our 
conclusions. This is not to be interpreted as a general prediction for the 
future. 

Potent milk is absolutely essential to the success of an experiment of 
this sort. While the pipette feeding of milk to guinea pigs does not appear 
to be the best biological practice, and apparently influences appetite 
adversely, we believe that it is superior to cup feeding, which introduces 
spillage, aging, cream consumption, and varying daily doses. 

Conclusions 

The amount of antiscorbutic vitamin destroyed by lightly boiling three 
quarts of milk for 5 minutes in a glass beaker or in an aluminum stew 
pan was, within the limits of accuracy of experiments of this kind, found 
to be approximately 20 per cent. 

The quality of the winter milk used and obtained from ensUage-fed 
cows was better than any heretofore reported upon and almost, if not 
actually, as potent as the best summer milk obtained from cows on pas- 
turage. This points to a forgotten but possible high potential value of 
milk as a carrier of vitamin C. 

The amount of aluminum contributed to Pittsburgh tap water and fresh 
milk upon boiling in an aluminum vessel is practically nil, being 0.1 to 
0.4 parts per million. 
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A STUDY OF TEiE VITAMIN B COMPLEX* OF RED 
KIDNEY BEANS AND POLISHED RICEf 
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Received Idr Publlcetloik^-Septeiiiber 10, 1929 

I T DOES not seem necessary to review In this paper the literature per- 
taining to vitamin B and the researches which have shown its multiple 
nature, since this has been summarized and discussed in the recent litera- 
ture pertaining to the complex nature of vitamin B, especially in an edi- 
torial review by Sherman (1928) and in a dissertation by Chase (1928). 

Sherman and Axtmayer (1927) devised a method by means of which 
they determined which of the two now recognized factors of the vitamin 
B complex, viz., the antineuritic or vitamin B and the pellagra-preven- 
tive or vitamin G, is the limiting factor in whole wheat flour and in milk 
powder. In view of the fact that highly polished rice and red kidney beans, 
served either separately or together, is a dish which is consumed daily 
by the people of Porto Rico, at the sacriflee of other more nutritive food- 
stuffs, it was decided to apply this method to determine whether vitamin 
B(Bt) or vitamin G(Bj) is the limiting factor of the “vitamin B complex” 
of this mixture. It has been shown that foodstuffs may be richer in one 
of the factors than in the other, hence a reinvestigation and reinterpreta- 
tion of the previously recorded “vitamin B values” of foodstuffs becomes 
a necessity in order to know whether there exists any supplementary 
relationship between any two insofar as the vitamin B complex content 
is concerned. The relative richness of any one factor should also be deter- 
mined because the concentration of these two factors is not the same in 
all foods, and a foodstuff rich in one may be relatively poor in the other. 

Experikentai. 

The experiments were conducted according to the methods of Sherman 
and Spohn (1923), and Sherman and Axtmayer (1927) for the quantitative 
determination of vitamin B values of foods. These methods involve plac- 
ing healthy young rats when 28 to 29 days old upon a vitamin B-free 
diet whidi is not onl^ adequate but approximately optimal (for growth 
of ram) in all other req>ects. Ihe basal diet consists of purified casein, 

* The tem "vittada B oosydes” it uted in pi^>er to tin comtMiiation o{ tlw 

thonodaliileiKtar, vkainia B (Bi) ud the thenno-etabie factor, vitamin G (B|). 

t fUiiilHd u OoBtifllnidoB No. 1 from the Dqiartment of Qiemistiy, Univenity oi Porto 
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18; C^bome and Mendel (1919) salt mixture, 4; butterfat, 8; cod-liver 
oil, 2 ; com starch, 68 per cent. The com starch was such as has been found 
by Osborne, Wakeman and Ferry (1919) to be free from vitamin B. 

The foods tested in the experiments described in this paper were pol- 
ished rice, autoclaved yeast, and red kidney beans. The rice and beans, 
which were of the same kinds as used in the Porto Rican homes, were 
purchased from a local grocer and were freed from dust and extraneous 
matter. They were then ground separately, the rice in a mortar and the 
beans in a meat grinder. Dried baker’s yeast was placed in imcovered 
Petri dishes to a depth of 15 mm. and heated in an autoclave at 15 pounds 
steam pressure for 150 minutes; then, after cooling and drying in the 
air, it was ground to a powder in a mortar. 

These test foods were fed separately or in combination as sole sources 
of vitamin B to the standard test animals on the basal vitamin B-free diet. 

The multiple nature of vitamin B ha\dng been established, it was deemed 
advisable to determine the relative richness of the factors of the vitamin 
B complex in polished rice and red kidney beans by the same method 
which is based on the fact that if better growth is induced by the feeding 
of a mixture of foods as the source of vitamin B complex than is obtruned 
when double the amount of each is fed separately, then, all other condi- 
tions having been properly controlled, the conclusion is justified that the 
better growth is due to a supplementation of one of the factors of the 
vitamin B complex by the other. 

Non-supplementaky Relation between Polished Rice and 
Red EIidney Beans 

After some preliminary work a series of experiments was performed in 
which the experimental animals (rats) received as the sole source of vita- 
mins B and G the following daily (six days per week) portions of the test 
foods: 0.8 grams of ground red kidney beans; or 0.8 grams of ground 
polished rice; or 0.8 grams of autoclaved yeast; or a mixture of 0.4 grams 
each of the rice and red kidney beans; or a mixture of 0.4 grams each of 
the ri<% and autodaved yeast ; or a mixture of 0.4 grams ead of the beans 
and autoclaved yeast; with the negative control experiments in which 
animus received the vitamin B-free basal diet. The 0.8 grams level of 
feeding the supplements was chosen in order that the results obtmned 
be directly comparable with those obtained by Shennan and Axtmayer 
(1927). 

The average weigh! curves of animals i^eiving da^ portions 
of 0.4 grams each of the red kidney beans and the autodaved 
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0.4 grama each of the polished rice and the red kidney beans; 0.8 grams 
of the autodaved yeast alone; 0.8 grams of the red kidney beans alone, 
and the negative controls, are shown in Fig. 1. 



Fig. 1.— Average weight curves of directly con^rable groups of experimental animals (rats 
of initial age of 28 to 29 days) receiving a basal diet devoid of the vitamin B complex but good 
in all other respects, and in addition: Curve A, 0.4 grams of red kidney beans plus 0.4 grams of 
autoclaved yeast (daily except Simdays); Curve B, 0.8 grams of red kidney beans (daily except 
Sundays); Curve C, 0.4 grams of polished rice and 0.4 grams of red kidney beans (dally except 
Sundays); Curve D, no other fo^,— these are the native controls; Curve E, 0.8 grams of 
autodaved yeast (daily except Sundays). The average weight curve for each group is represented 
by a solid line to the point at which the first death occurred among the experimental animals, and 
from that point onward by a broken line representing the average weight of the surviving experi* 
mental of the group until the end of the 8 weeks experimental period. 

Curve A shows marked supplementation while Curves C and £ show deficiendes of vitamin B 
<Bi) of the vitamin complex. 

A comparison of these growth curves will show at once that there was 
m supplementary rdationship when the mixture of red kidney beans 
and pedisbed rice was fed, wi^e, on the other hand, a marked supple* 
mentaiy rdatkmship and not merely an additive effect was shown when 
the mixture of red kidney beans and the autoclaved yeast was fed. Evi- 



3S6 


VITAMIN B COMPLEX OP BEANS AND RICE Vtl. 11, Ni>. 4 


dently the viUmin B comidex deficiencies (A the beans and the rice are 
not supplemented by each other. 

The results obtained in these experiments confirm those of other workers 
in that autoclaved yeast is devoid of almost all of the vitamin B which 
was present before autoclaving. 

Table I gives a summary of some of the data obtained from the experi- 
ments described in this paper. It can be clearly seen with the aid of the 


Tabus 1 

StnoiAKy OB THE Data Obtained trou the Exferihents Described in this Paper 


Supplement 

No. of 
Animals 

Av. Ini- 
tial 

Weight, 

(Grams) 

Av. Net 
Gains 
(Grams) 

Av. Sur- 
vival 
(Days) 

Av. Ba- 
sal Diet 
Intake 
(Grams) 

Per cent 
Polyneu- 
ritic. 

Controls 

15 

42.9 

—11 

26 

119.9 

80 

0.8 grams 

polished 

rice 

20 

40.6 

—11 

50.3 

1 

] 

118.8 

100 

0.8 grams 
autoclaved 
yeast 

7 

! 

35.7 

i 

-3.6 

26.8 

66.4 

57 

0.8 grams 
red kidney 
beans 

15 

47.6 

-5.3 

53.4 

182.4 

40 

0.4 grams 
polished 
rice plus 

0.4 grams 
autoclaved 
yeast 

10 

53.0 

—6.4 

46.8 

188.5 

100 

0.4 grams 
red kidney beans 
plus 0.4 
grams auto- 
claved 
yeast 

12 

51.8 

25.0 

56 

263 

0 

0.4grams 
led kidney beans 
plus 0.4 
grains po- 
lished rice 

23 

53.3 

-3.5 

53.8 

174.2 

48 
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giowtli curves and this table that 0.8 gram of polished rice furnishes very 
little vitamin B(Bi) as shown by the number of rats developing poly- 
neuritis, while the 0.8 gram of red kidney beans furnishes a significant 
amount of this vitamin. The feeding of 0.4 gram each of the red kidney 
beans and the polished rice did not result in better growth than when 
the 0.8 gram of red kidney beans was fed alone. This validates the state- 
ment that the red kidney beans contain vitamin B(Bi) since the mixture 
of the beans and the rice resulted in better growth and in a smaller per- 
centage of cases of polyneuritis than when double the amount of polished 
rice was fed alone. 

The limiting factor of the vitamin B complex in the red kidney beans 
is vitamin G. This is beautifully demonstrated by the marked growth 
shown by those animals receiving the mixture of 0.4 gram each of the 
red kidney beans and autoclaved yeast. The autoclaved yeast is relatively 
rich in vitaunin G in which the red kidney beans are poor as shown by the 
growth curve resulting when double the weight of the latter is fed alone. 

The vitamin B complex of the polished rice is not supplemented by the 
red kidney beans because the former is deficient in both factors while 
the latter contains only a relatively low concentration of the vitamin G 
factor. 

SUMMAHY AND CONCttTSIONS 

Experiments are described whereby the limiting factors of the vitamin 
B complex in red kidney beans and polished rice have been found. 

The polished rice was found to be deficient in both factors of the vita- 
min B complex. 

Vitamin G was found to be the limiting factor of the vitamin B com- 
plex of red kidney beans which are therefore relatively richer in vitamin 
B(Bi) than in vitamin G(Bs). 

The vitamin B deficiency of the polished rice which was used in these 
experiments is not made good by feeding the rice with red kidney beans, 
for the former was deficient in both factors while the latter was poor in 
vitamin G. 
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THE GASEOUS EXCHANGE OF THE HUMAN SUBJECT 
1. AS AFFECTED BY INGESTION OF WATER AT sfC 

By Thokne M. Carpenter and Edward L. Fox 

{From the Nutrition Laboratory of the Carnegie Institution of Washington, 

Boston, Mass.) 

Received for Publication—September 24, 1929 

T he purpose of the experiments reported here was to study the gas- 
eous exchange, the calculated heat production and the carbohydrate 
metabolized in periods following the ingestion of small quantities of 
water (50 to 500 cc.) at 37°C. Experiments (to be reported in papers 
following this one) were made to determine the influence of the ingestion 
of small amounts of levulose and dextrose. Water at 37°C was given with 
these sugars with the idea, based upon findings in the previous literature, 
that the water alone would have little or no effect upon the total metabo- 
lism either qualitatively or quantitatively. In order to be certain whether 
the ingestion of water at body tempierature would or would not have an 
effect upon the total metabolism, the experiments in this paper were 
made with water alone. In these experiments, as in the sugar experiments, 
the same routine was observed of basal measurements, a rest period, 
and measurements extending over several hours following the ingestion 
of the water. 

Previous investigations. The effect of the ingestion of water has been 
studied by Laschtschenko (1898), who observed no change in elimination 
of carbon dioxide when the temperature of the water was 37°C. Speck 
(1892) did not report the temperature of the water used in his study. 
Benedict and Carpenter (1918, p. 140) reported a number of experiments 
but in none was the water at 37®C. Pollitzer and Stolz (1925) gave lem- 
onade with saccharin, but no temperatures were recorded. Cannon, 
Querido, Britton and Bright (1927) reported a series of experiments in 
which warm water was given, but in only one of the experiments was the 
water nearly 37°C. Their subject A.Q. was given 750 cc. of water at 34.5°C 
and the maximum increase in heat production was 5.4 per cent 11 minutes 
after the water was ingested. Lublin (1928) found an increase in the meta- 
bolism of from 3 to 8 per cent above the basal value within 2 hours after 
the ingestion of 800 to 1000 cc. of water (temperature not recorded). 
GroUman (1929) found 5 to 10 per cent rise in the oxygen consumption 
within a half hour after the ingestion of 1000 and 1200 cc. of water at 38°. 
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Methods oe Investioation 

The respiratory exchange was determined by the gasometer method 
in nearly half of the experiments in this paper. Ihie apparatus used were 
mouthpiece, two Tissot valves, and two Tissot gasometers of 100 liters 
capacity which were connected in such a way that determinations could 
be made for a continuous series of periods. Analyses of the expired air 
were made in duplicate with the Haldane portable apparatus, and usually 
by two analysts with two of these gas analysis apparatus. Outdoor air 
was analyzed each morning with each apparatus before it was used for 
expired air. The basis for repetition of analyses of expired air was a dis- 
agreement of more than 0.02 in the respiratory quotients obtained in the 
duplicate analyses. 

The respiratory exchange was also measured by means of the Benedict 
Universal respiration apparatus, which was used in the same manner as 
with the chamber respiration apparatus, that is, with duplicate sets of 
absorbers for carbon dioxide. The change from one period to another was 
made by shifting the valves controlling the passage of the air through 
the sets of absorbers. At the end of each period the height at which the 
spirometer bell stood was noted and in the computations a correction 
was made for the error due to the compression of the gas in the absorber 
system and for the change in the position of the spirometer bell during 
the period. A graphic record of the breathing of the subject, as well as of 
the oxygen absorption in short periods of time, was obtained by using 
a kymograph with continuous paper. The tightness of the closed circuit 
was tested during each period by placing a weight (Benedict 1921) upon 
the spirometer bell for a certain length of time and noting the slope of 
the record of the breathing as compared with that obtained when no 
weight was used. 

In both groups of experiments with gasometer and with Universal 
apparatus, absence of sleep was controlled by applying the method pre- 
viously described (Benedict and Carpenter, 1918, p. 354; Carpenter, 1925) 
in which a signal magnet providing a stimulus operated in unison with 
another signal magnet recording upon the kymograph. The subject was 
requested to respond to the stimulus by pressing a button whidb controlled 
the recording of a third signal magnet. 

The general procedure in an experiment was as follows: The subject, 
J. C., whose age was 43 yrs., height, 167 cms., nude weight, 66 kg., came 
to the Laboratory without breakfast and lay resting upon a eomfor tabk 
couch for at least one-half hour. The mouth-piece was thm ins erted , 
the nose-dip put on, and mewsurements of the nmtdbolism were b<qpm 
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as soon as posable. During the experiment there was usually a light a>yer- 
ing over the subject in addition to his clothing and the temperature of 
the room was not far from 20°C. Six continuous periods, each of 10 to 
15 minutes’ diuration, were first run in order to obtain the basal value for 
the day. A rest period, varying in length in the different experiments be- 
tween 15 and 30 minutes, then followed after which the water was given, 
the quantity having previously been measured and warmed to 37®C. 
Within one to six minutes after the subject finished drinking the water, 
the mouthpiece was inserted and observations of the metabolism were 
resumed in 10 to 15 minute periods which were continuous for 1 to 
hours. A second rest period of from 15 to 30 minutes was taken. The ex- 
periment was then concluded with a series of periods, which in most of 
the e^riments was continuous for 1 to 2 hours. 

Results of Experiments with Water 

The water was given by mouth in volumes that varied from 50 to 500 cc. 
It was taken as quickly as possible, usually by sucking through a small 
rubber tube. Of the larger quantities (100 cc. or over), all but 25 cc. was 
first given, and then the 25 cc. for rinsing, in order to imitate as closely 
as possible the procedure used in the series with dextrose and levulose. 
The results of the experiments are given in the following tables, the values 
representing averages for the respiratory quotient, the carbohydrate 
metabolized, and the heat produced per half hour in the basal periods 
and in the successive half hours following the ingestion of water. 

Respiratory Quotients. 

The respiratory quotient is the most important factor measured in 
this study and in the two succeeding studies, because the object of the 
experiments with the sugars was to determine the changes in the carbo- 
hydrate metabolized when small amounts of either dextrose or levulose 
were ingested. With the anall quantities given it is to be expected that 
the changes will not be large, and unusual significance therefore has to 
be attached to sli^t changes in the respiratory quotient. The breathing 
api^ance used was the mouthpiece. Frequently with untrained subjects 
this results in distorted breathing, so that the respiratory quotient ob- 
tained may not be the true metabolic mdex. The subject of these experi- 
xamts was one who had served in hundreds, if not thousands, of periods 
of observation, in which the mouthpiece was used either with a closed 
^rcuit or an open circuit re^iration ^iparatus. He was, therefore, as 
thoroim^ traitted to the use of this appliance as one could expect; 




Tablb I 

tY OF Respiratory Quotients After Ingestion of Water 


362 


HUMAN GASEOUS EXCHANGE AND WA TER VA. U, N». 4 


Half hours after ingestion of water 
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in fact, he could endure experiments of two hours’ duration without inter* 
ruption. Earlier studies (Carpenter 1915) have shown that the average 
respiratory quotient obtained with the Universal apparatus agrees with 
the average obtained with the gasometer apparatus, and later a special 
study (Hendry, Carpenter and Emmes 1919) showed that another type 
of closed circuit apparatus gave results agreeing in the main with those 
obtained with the gasometer apparatus. It is therefore believed that 
reliance may be placed in the respiratory quotients found. 

The respiratory quotients, which represent the total gaseous exchange, 
are summarized in Table I for the experiments with both the Universal 
apparatus and the gasometer apparatus. 

The determination of the basal metabolism for the day in these experi- 
ments differs from the procedure in most of the previous investigations 
in which short periods have been used. Thus, the average basal figure 
given in the tables is the result of the measurement of the respiratory 
exchange in six succeeding periods without interruption, of which the 
first was rejected because in the majority of instances this differed more 
from the average value than did any one of the succeeding five. It seemed as 
though this first period of 10 to IS minutes was one of adjustment. Since 
the succeeding five periods were continuous, if one period gave an aber- 
rant quotient, it should be followed by a period in which compensation 
took place, and it is considered that the average of five succeeding periods 
measured in this way should come very close to the real basal respiratory 
quotient. In a similar way the measurement of the respiratory quotient 
after the interval of rest, whether water was given or sugars were given, 
was made in an uninterrupted series of periods extending over one and 
one-half to two hours. The average result for three 10-minute periods 
in each of the successive hours following the ingestion of water would 
therefore represent very nearly the true respiratory quotient for a half 
hour, because opportunity was given for compensation. There were no 
lapses in these successive measurements except for a short rest period, 
which occurred about one and one-half hours after the ingestion for the 
day took place. 

As will be seen from Table I, there was a wide variation in the average 
basal respiratory quotients on the different experimental days, many 
being hig h and all of them 0.80 or over. The successive values for periods 
2 to 6 on any one day, however, were uniform even when the respiratory 
quotient was hi^, as seen in the illustration in Table II, taken from the 
expe rimen t udth the Universal apparatus preceding the ingestion 
of water cm May 17, 1926. An analysis of the basal respiratory quotients 
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in periods 2 to 6 shows the foUowing: With the Universal apparatus the 
range of five periods varies from 0.022 on December 30 to 0.077 on January 
4; the average range is 0.042. If, however, the best four of the five periods 
are selected this range is lowered slightly to from 0.054 on January 15 to 
0.011 on January 11, May 12, and December 30, and the average range 
is 0.026. The average range of five periods with the gasometer apparatus 
is 0.033, and the average range of the selection of the best four is 0.021. 
The difference between the average quotient with five periods and four 
periods with the Universal apparatus varies from 0.011 to 0.004, and the 
average of the average quotients of five periods is 0.868 as compared with 

TabixII 
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Period 

Time 

Duration 

ofp^od 

CQiper 

minute 

CHper 

minute 

Respiratoiy 

quotient 



min. 

cc. 

cc. 


1 

9.02-ft.m. 

Huh 

200 

209 

0.96 

2 

9.12- 


190 

204 

.93 

3 

9.23- ' 

10.78 

189 

210 

•90 

4 

9.34- ' 

11.00 

192 

208 

.92 

5 

9.45- ' 

10.7S 

189 


.91 

6 

9.56- 

11.45 

191 

211 

.91 


0.867 for four periods. With the gasometer apparatus the difference be- 
tween the average of five periods and the average of four periods is less 
than 0.010 in all cases, and the average quotient is identical when all 
the experiments are taken into consideration. In general, then, it does 
not make any difference whether four periods or five periods are selected 
for the average basal quotient. In other words, there is a high degree of 
uniformity in the five successive measurements which are selected for 
the average basal quotient. Therefore, small differences in the avera^ 
respiratory quotient from half hortr to half hour are of significance. If 
there was actually a change, for example, in the respiratory quotient over 
basal of 0.01, and this persisted for several periods, the change is con- 
sidered to be significant. 

Metabol^ oe Casbohydeaib 

The respiratory quotients were computed from measuremoits of total 
carbon dioxide and oxygen, which include the amounts resulting &om the 
metabolism of protein. For the computatkm of total heat production, 
and consequmtly the metabolism of caibol^drate« the xm^ncatoxy ex- 
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change was apportioned to the different nutrients, the metabolism of 
protein being calculated by means of the necessary factors and from the 
average urinary mtrogen for this series (0.47 gram per hour in the esperi- 
ments with [the Universal apparatus and 0.40 gram per hour in the 
experiments with the gasometer). The amounts of carbohydrate me- 
tabolized as calculated jfor the basal periods and for the half hours 
following the ingestion of water are given in Table III. 

In the experiments with the smaller quantities of water, 50 and 100 cc., 
there were usually lower respiratory quotients in the half hours following 
the ingestion of the water than in the basal periods, the decreases begin- 
ning for the most part in the first or near the first half hour. The greater 
decreases in the quotients occurred after the higher basal quotients. 
The average variations for the half hours in the two groups (50 cc., 
—0.03; 100 cc., ±0.01) give some indication of the tendency to small 
variation or actual decrease in the respiratory quotients following the 
ingestion of small amounts of water. 

Following the ingestion of the smallest amount (50 cc.) of water there 
was a decreased metabolism of carbohydrate in comparison with basal 
metabolism in all but two of the half-hour periods, the two exceptions 
being -f 0.07 and -f0.05 gram in the first and second half hours on January 
20 and February 15, respectively. The largest decrease followed high 
basal carbohydrate accompanying high basal respiratory quotient. 

Experiments with 100 cc. of water gave results somewhat different from 
those obtained with 50 cc. of water, even though there was high basal 
carbohydrate (respiratory quotient, 0.88) in one of the four experiments, 
for in all the experiments there was increased metabolism of carbohy- 
drate in the first half hour and two of the experiments showed increases 
in other half hours. The net changes in 4 hours ranged from -t-1.0 gram 
to —4.7 grams. 

Among the four experiments with 150 cc. of water, the first two were 
experiments with high basal respiratory quotients, but in neither of these 
was there a marked change from the basal value until the sixth and seventh 
half hours (—0.05 and —0.07) after the ingestion of water, so that in 
relation to high basal quotients there was a delayed drop in the respiratory 
quotient after this amount of water as compared with the drop in quo- 
tient after the smaller quantities of water. ITie ma xi mum diange in 
the other two experiments, on December 14 and May 24 with normal 
basal quotients, was —0.02 and on May 24 there was a practically con- 
stant tesq[>iratoiy quotient for about five hours. The ingestion of 150 
cc» of water was followed by decreased metabolism of carbohydrate in 
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practically all half hours, whether the basal carbohydrate was high or 
comparatively low, the ^decreases averaging for the four experiments 
1.28 to 0.33 grams per half hour and the total decrease in 4 hours ranging 
from 9.31 (basal carbohydrate, 4.24 grams and respiratory quotient, 
0.89) to 2.65 (basal carbohydrate, 2.54 grams and respiratory quotient, 
0.82). In only one first half hour was there no change and in a sin^e 
sixth half hour there was an increase of 0. 1 1 gram. 

There were three experiments of the four with 200 cc. of water in which 
the basal respiratory quotient was high; the quotient in the fourth experi- 
ment was normal. One of the high basal quotients was 0.90 on January 4 
and from this quotient there was a marked drop to quotients lower by 
0.07, 0.10 and 0.08 in the third, eighth and ninth half hours, with an aver- 
age variation of —0.06. In the other two experiments with high basal 
quotient, the variations after the ingestion of water were low, averaging 
—0.01 and —0.02, and in the experiment with the normal basal quotient, 
there was an increased quotient in the first four half-hour periods. In 
most of the experiments, then, 200 cc. of water delayed or prevented the 
fall in respiratory quotient that occurred after the smaller quantities of 
water. In two of the four experiments with 200 cc. of water, there were 
increases in carbohydrate metabolized in the first two half hours and in 
one of these two experiments, the increase continued throughout the 
first four half hours. There is some indication that, with increase in the 
amount of water ingested, there is less decrease from the basal carbohy- 
drate metabolized and there is even increase in the metabolism of car- 
bohydrate. 

In only one of the six experiments with 250 cc. of water was there a 
high basal quotient, i.e., 0.87 on September 16, from which quotient the 
variations in the half hours after the ingestion of water were from —0.02 
in the third half hour to —0.05 in the seventh and eighth half hours. The 
other five experiments, including the experiment on November 16, 1925, 
with water at 16.2®C, showed very small changes from basal respiratory 
quotients that were all normal, the maximum variation being —0.04 
on two different days. In three of the experments, the quotient was higher 
(•+•0.03 in one instance) in the second half hour than the basal quotient 
and in all five the quotient in the first half hour was either slightly higher 
than the basal quotient or not changed In each of these five experiments 
with basal quotients from 0.80 to 0.83, there was a practically constant 
respiratory quotient for a period of 5 to 6 hours. 

Of the six experinmnts (including the experiment of Nov. 16, 1925, with 
water at 16.2*0.) there were five in whi^ there was either little or no 
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decrease in carbohydrate metaboHxed or else an increase in the first two 
and one-half hours, Ihis increase persisted in two instances to three and 
one-half hours. 

The single experiment with 500 cc. of water gave results following a 
normal basal quotient which are somewhat similar to the results in five 
of the experiments in the preceding group. There was a dightly increased 
respiratory quotient in the first four half hours after the ingestion of water. 
There was an increase in metabolism of carbohydrate in the first four 
half hours above the basal carbohydrate of 1.9 grams (respiratory quo- 
tient 0.81) and a net increase in 3 1/2 hours of 3.0 grams. 

In general there was the greatest falling off in the respiratoiy quotient 
after the ingestion of water when the basal respiratory quotient was hi{^ 
(the higher the initial quotient the greater tire potentiality for a fall) 
and the larger the quantity of water ingested the less was the decrease 
in the respiratory quotient in the succeeding half hours. 

There was a decrease in the amount of carbohydrate burned in the 
periods subsequent to the ingestion of SO cc. of water, whether there 
was a low or high basal metabolism of carbohydrate. When the quantities 
of water were 100 cc. or over, there were in some cases increases in carbo- 
hydrate above the basal amount and in others there were decreases, the 
increases being more marked after the higher quantities of water, and to 
a certain extent independent of the height of the basal carbohydrate and 
the basal respiratory quotient. Stated more exactly, there was increased 
metabolism of carbohydrate when the water was 200 cc. or over, both m 
comparison with the results of ingestion of smaller amounts of water and 
in comparison with the basal carbohydrate. 

Heat Fxoduction 

The heat production calculated per half hour for the basal condition 
and for the half hours after the ingestion of varying quantities (50 to 
500 cc.) of water at 37“ C. is given in Table IV. The average b a s a l value 
was 31.1 calories, the maximum (on January 4) being 2.5 calories idmve 
the average, that is, 8 per cent. The minim nwi (<»! January 15) was 
29.5 calories, that is, 5 per cent below the average, so that in the 23 experi- 
ments with water at 37“ C. thm'e was a Ttmgs of 13 per cent in the Hasal 
heat production. 

Tbe heat production after 50 cc. of water showed an above 

the basal value in the first half hour in each of tlm four e:q}eriments, but 
in three experim^ts it was pn^re^vdy lowered druring the remainder 
of four hours after the ingestion of water, the net drnnge in 4 hoqrs 
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—4.9, —6,6 and —2.1 calories in the respective experiments. In one ex- 
periment, the heat production was increased 1.1 calories in the first hour 
and then remained practically without change during the remainder of 
the experiment. 

The ingestion of 100 cc. of water, with the exception of the experiment 
on February 10, was followed for the most part by small changes in heat 
production of which the largest were +0.9 in the fifth half hour on Janu- 
ary IS, —0.9 in the fourth half hour on February 8 and +1.0 calorie in 
the second half hour on April 28. On February 8 the values decreased 
after the first half hour and the net change in 4 hours from the basal value 
was — 1.8 calories; on April 28 the values were mostly increased, the total 
increase being 2.0 calories. In the experiment on February 10, the basal 
value was high and though there was a slight increase in heat production 
in the first half hour after the ingestion of water, there were significant 
decreases in all the succeeding half hours, the maximum decrease being 
1.9 calories; the net change in 4 hours was —9.5. It may be questioned 
whether 32.3 calories was the real basal value for this experiment in view 
of the marked decrease in all but one of the subsequent periods. 

In the experiments with 150 cc. of water, the heat production decreased 
in comparison with the preceding basal heat production, whether the 
basal values were below or above the average basal value for all the ex- 
periments with water. On April 30, there were but slight changes from 
the basal value, 29.7 calories, throughout the experiment, and there was 
the small change of —2.2 calories in 4 hours. The high basal values on 
December 14 and May 24, 32.7 and 32.9 calories, were followed in all 
subsequent half hours by decreases, noany of them marked, of which the 
maximum was 2.6 calories in the fourth hour on May 24. The total de- 
crease in 4 hoxus in the two experiments was 11.7 and 12.3 calories. As 
in the experiment on February 10 with 100 cc. of water, however, the 
high basal values were a possible cause of these large decreases and it 
may be questioned whether they arc actually significant. The basal value 
on January 11 was close to the average basal value, so that the decreases 
m this experiment seem significant. 

Among the four e]q)eriments with 200 cc. of water there were two in 
which the basal value was high, namely, on January 4 and December 1. 
Nevertheless, there was on January 4 a rise in heat production in the 
first hour after the ingestitm of water, a gradual falling off in the remain- 
ing half hours with no greater decrease than 1.4 calories and a net change 
of but —3.2 calories in 4 hours, and on December 1, an mcrease in prac- 
tically all of the half hour periods after the ingestion of water and a total 
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increase of 4.7 calories in 4 hours. In the two experiments on May 12 and 
November 23, the basal values were about 3 per cent lower than the aver- 
age basal value in all the experiments with water and in all the succeeding 
half hour periods there was a small increase in heat production, an aver- 
age of 0.7 calorie per half hour on May 12 and 0.4 calorie on November 23. 
In this group of experiments, three out of four showed a definite increase 
in heat production as the result of the ingestion of 200 cc. of water at 37® C. 

In the group of six experiments with 250 cc. of water, which includes 
the experiment on November 16, 1925 with water at 16.2° C. there were 
four (March 8, November 16, May 19 and September 16) which gave 
increases in heat production for all, or nearly all, of the half hour periods 
after the ingestion of water. The increases are small (maximum 1.5 cal- 
ories for water at 37° C.) but they seem significant because they are so 
numerous and because the group with 200 cc. of water indicated the 
same tendency. There was a negative change in 4 hours in only one of 
the six experiments, that is, 0.5 calorie on December 30. It is a striking 
fact that 200 cc. and 250 cc. of water at 37° C. have an effect on the metab- 
olism, which cannot be ascribed to low basal metabolism because it has 
been shown that increases in heat production in both groups bear no rela- 
tion to the basal values. In the one experiment with 500 cc. of water, the 
basal value was not far from the general average. There was a signifi- 
cant increase in the heat production for the first four half hours after the 
ingestion of water and a total change of -1-7.1 calories in three and one 
half hours. 

In general, then, heat production after the ingestion of water at 37° C. 
was increased when the quantities were at least 200 cc. Some of the ex- 
periments with amounts of water smaller than 200 cc. gave slight in- 
creases in the heat production, but in most instances there was little or 
no change. In those experiments in which there was a marked decrease, 
it followed for the most part a high basal heat production. This was par- 
ticularly true on February 10 with 100 cc. of water and on December 14 
and May 24 with 150 cc. of water. In all the subsequent experiments in 
the table, in which there was a high basal value, there occurred either a 
positive increase for the early portion of the experiment or an increase 
for all of the experiment. 

RESxaTS ox CoNT&oL Exfebjments Witbovt Water 

To determine the course of the metabolism without water, six control 
experiments were made with the same subject, J. C., in the post-absorp- 
tive (edition, three with the Universal respiration apparatus and three 




372 


BUM AN GASmVS EXCBANGB ANB WATER V0I. II, Nt. 4 


by the gasometer method, the order, number, and length of the periods 
of measurement without water being the same as in the experiments with 
water. In these control experiments there was a tendency for the resj^' 
tory quotients to be lower in the half Ijours following the preliminary and 
the rest periods and for the metabolism of carbohydrate to be lower, 
whether the preliminary respiratory quotient was normal or high. The 
heat production, as averaged for the different half hours, showed more 
increase than decrease in companson with the preliminary heat produc- 
tion, although in the greater number of individual half hours of the experi- 
ments there were decreases which were generally small. These results 
when the subject was given no water are similar to the results found in 
the erq>eriments with the smaller amounts of water. 

Geneual Discussion 

It has been shown in the preceding discussion that when the quantities 
of water are large enough, there is a distinct increase in the carbohydrate 
metabolized as compared with the basal value, and also in the heat pro- 
duction. There seems to be, however, no quantitative relation between 
the increase in carbohydrate metabolized and the increase in heat produc- 
tion. That is to say, the increase in heat production cannot be accounted 
for mathematically by the heat of combustion of the additional carbohy- 
drate metabolized. In general when there is a fall in the carbohydrate 
metabolized there is also a fall in the heat production, but in some groups 
the fall in carbohydrate metabolized is much greater with respect to its 
energy content than is the fall in total heat production. For example, 
in 4 hours with 150 cc. of water there was a lowering of the carbohydrate 
metabolized by 5 grams, which would be approximately 19 calories. But 
there was a fall of only 9 calories in the heat production. The values given 
for heat production are calculated from the respiratory exchange, and 
therefore increases in heat production are real increases in total metab- 
olism. 

Lublin (1928) accounts for the increased metabolism after ingestion of 
water as due to the work performed by the kidnqrs. Grollman (1929), 
however, points out that after the ingestion of water the rise in oxygen 
consumption is rapid, but that the metabolic change does not run parallel 
to the diureins. He believes that the diuresis and metabolic rise are not 
related, but that the latter results from a general stimulation of the 
metabolism of the body cells, which may be considered as due to the 
dilution of the internal environment of the cells by the ingested flmd, In 
none of our experiments was there a marked diure^ and it is que^nooidde 
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whether the increased metabolism is due primarily to increased kidney 
activity or is due, first, to the transfer of the fluid from the alimentary 
tract into the blood stream, from which subsequently it is either removed 
by the tissues or secreted by the kidneys. 

The findings suggest strongly that the transfer of fluid in the body, even 
when at body temperature, involves expenditure of energy. Also, the re- 
sults in general indicate that the greater the quantity of water, the greater 
the requirement of energy, although one group of experiments (ISO cc.) 
gave anomalous results in that both the metabolism of carbohydrate and 
the heat production fell off markedly compared with the results obtained 
in the other groups. There is no satisfactory explanation for this excep- 
tion. As will be seen in subsequent papers, the same sort of phenomenon 
occurred in the experiments with dextrose and with levulose. 

SiTMMARY 

A series of experiments was made with a human subject, in which the 
respiratory exchange in the post-absorptive state was measured for a 
period of one hour before, and for 3i to 4i hours after, the ingestion 
of 50 to 500 cc. of water at 37° C. A few control experiments without water, 
under conditions otherwise similar, were also carried out. The measure- 
ments of the metabolism were made by means of the Benedict Universal 
apparatus and by use of the gasometer method. 

In the control experiments without water, and in the experiments 
with ingestion of water in amounts less than 200 cc., the course of the 
carbohydrate metabolism and the heat production changed little, if at 
all. 

The ingestion of 250 cc. of water was followed by a slight, but definite 
increase in the metabolism of carbohydrate for a period of one hour (aver- 
age 4 per cent), and with 500 cc. there was an increase (42 per cent) 
lasting two hours. Thus amounts of water over 200 cc. work for a definite 
increase in the metabolism of carbohydrate. 

The heat production was slightly increased (2 per cent) for hours 
in experiments with 200 cc. of water, for two hours (1 per cent) with 250 
cc. of water and for two hours (7 per cent) with 500 cc. of water at 37° C . 
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THE GASEOUS EXCHANGE OF THE HUMAN SUBJECT 
11. AS AFFECTED BY SMALL QUANTITIES OF 
DEXTROSE 

By Thorne M. Carpenter and Edward L. Fox 
{From the Nutrition Laboratory of the Carnegie Institution of 
Washington, Boston, Mass.) 

Received for Publication — September 24» 1929 

I N CONNECTION with an earlier investigation in this Laboratory 
(Carpenter 1925) an experiment was reported on the effect of 30 grams 
of dextrose on the respiratory exchange. The change in the respiratory 
quotient was so large, that questions arose as to how small a quantity of 
dextrose would produce significant changes in the respiratory quotient 
and metabolism, whether the type of reaction would be the same with all 
quantities, and whether the increases in carbohydrate metabolized and 
heat produced would bear a definite relationship to the amounts of dex- 
trose ingested. 

Although the effect of dextrose upon the respiratory exchange has been 
reported many times, there are few studies with man in which small 
quantities (under 50 grams) have been used. Mason (1925) determined 
the respiratory quotient and calculated the heat production after the inges- 
tion of 25 grams of dextrose. He found no rise above the basal respiratory 
quotient, but an increase of 10 per cent in the heat production at the end 
of one hour after ingestion of the sugar. Lublin (1926) reported one ex- 
periment with 30 grams and two experiments with 38 grams. In all three 
there was a rise in respiratory quotient and oxygen absorption within 
one-half to one hour. Lambie and Redhead (1929) had one experiment 
with a normal subject to whom 20 grams of glucose were given intra- 
venously, and the gaseous exchange was measured. The maximum 
respiratory quotient was found twenty minutes after the beginning of 
injection. 

The Metabolism as Aeeected by Small Quantities of Dextrose 

The results of our measurements of the respiratory exchange before 
and after the ingestion of small amounts of dextrose in water are given 
in Tables I to IV. The values are averages per half hour for the respira- 
tory quotient, carbohydrate metabolized and heat production during 
the basal period and during the successive half-hours after the dextrose 
was taken. The methods of studying the respiratory exchange were the 
same as in the previous communication {This Jour. 1930, II, 360.). The 
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dextrose was EaUbauxn’s purified grape sugar. This was weighed, dis- 
solved in water, warmed to 37® C. and taken through a rubber tube; 25 cc, 
pure water being used as final rinse water taken in the same manner. 

Respiratory Quotient and Metabousm op Carbohydrate 

The respiratory quotients calculated by half hour periods are given in 
Table I for the Universal apparatus and the gasometer method. As in 
the series with small quantities of water, the basal quotient varied widely, 
ranging from 0.79 to 0.89, but in none were there such low quotients as 
are occasionally seen in the literature, viz., under 0.75. The changes after 
the ingestion of dextrose vary with the initial basal quotient and with the 
quantity of dextrose pven. The amount of carbohydrate metabolized 
before and after ingestion of dextrose is given in Table II. In calculating 
the non-protein respiratory quotient correction was made for protein, 
using an average of 0.38 gram of nitrogen per hour. During the basal 
hour the amounts of carbohydrate varied from 1.68 to 3.99 grams per half 
hour, and for the most part were over 2 grams. 

In the 4 experiments with 5 grams in 50 cc. of water, there were in gen- 
eral during the first two hours slight increases in the respiratory quotient, 
the greatest occurring in the experiment on February 24 in the third half 
hour, 0.04. There was a positive increase in the carbohydrate metabolized 
in three of the experiments for the first two hours, and in two, through 
the third hour. The increase in carbohydrate burned was greatest with 
the lowest basal figure, that is, on February 24. The reverse rule, however, 
does not hold as the next greatest increase in any experiment occurs with 
the highest basal carbohydrate metabolized on May 26. The maximum 
average summation of increases* was 0.8 gram, equivalent to 16 per cent 
of the amount ingested. 

Ten grams of dextrose in 100 cc. of water were given in 4 experiments. 
There was a rise in the respiratory quotient in the majority of the periods 
for the first two hours. In the experiment on March 1, in the third half 
hour, there was an increase of 0.05. The first two experiments show an 
irregularity in the carbohydrate metabolized from one half hour to the 
next. On March 1, with the exception of the first half hour, there was an 
increase in the carbohydrate metabolized during the first 2f^ hours with 
a subsequent lowering during the last of the experiment, that is, from the 

t By this a^pKsii(m is mesDt the neatest increase that can be obtained mathe m a t ically by 
adding the increases in sMots^ half hours. The number of half houn so used will vary in the 
dilfomtt aqMa&nents according to the duiatum cd increases as well as the amount of dextrose 
iagested. 
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last half of the third hour on. All of the values during the first three hours 
on March S show an increase in the carbohydrate metabolized. The maxi- 
mum average summation of increases was 1.9 grams, equivalent to 19 
per cent of the dextrose ingested. The water alone had but little effect 
upon the carbohydrate metabolized. 

Four experiments with 15 grams of dextrose resulted in an increase in 
the respiratory quotient for the first three hours in all but three of the 
periods. The maximum increase was 0.06 in the third half hour on March 
26. Many of the other increases were as high as 0.04. There were increases 
in the carbohydrate metabolized during the first two hours and in two of 
the experiments, March 26 and March 10, the increase persisted through- 
out the third hour. The greatest increase in any one half hour occurs in 
the third on March 26, 1.47 grams. The maximum average increment 
was 3.7 grams, equivalent to 25 per cent of the dextrose given. The ex- 
periments with 150 cc. of water alone gave exceptional results in that the 
decrease in carbohydrate metabolized was larger than after 100 cc. of 
water. In three hours the average drop was 3.3 grams, so that the maxi- 
mum net effect of 15 grams of dextrose would be an increase of 7.0 grams 
in the carbohydrate metabolized. 

In the four experiments with 21 grams the increases in the respiratory 
quotient were more marked and there was a positive rise in the first three 
hours in every case, the maximum being 0.07 on May 3 and March 15. 
In these experiments the increases in carbohydrate metabolized were also 
more marked than in any of the preceding groups. All experiments gave 
increases in each period for the first three half hours; the increase con- 
tinued in three of the experiments through the eighth half hour, that is, 
over a total of four hours. There was a fair degree of uniformity in the 
four experiments in the increase in carbohydrate metabolized for the 
first four hours, 6.1 to 6.6 grams, after the ingestion of 21 grams; this in- 
crease is equal to about 30 per cent of the carbohydrate ingested. There 
was no increase in carbohydrate metabolized due to 200 cc. of water alone, 
but rather a fall on the average of 3.9 grams in four hours. If this is added 
to the change due to 21 grams of dextrose, it would raise the results so 
that the average net change in 4 hours would be +10.2 grams. However, 
the basal carbohydrate metabolized averaged 3.41 grams per half hour 
in the water experiments and 2.79 grams in the experiments with dex- 
trose. The correction for the change due to the ingestion of the water 
would therefore probably not be 3.9 grams but less. 

In the experiments with 26 grams there was a positive rise in the respira- 
tory quotient for the first three horirs in all but four instances. In general. 
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the rise in this group was not so high as with 21 grams. In two cases, 
however, the basal respiratory quotient was high, namely, January 25, 
0.89, and Mardr 19, 0.86. In the four experiments with 26 grams, there 
was increased metabolism of carbohydrate in pracUcally all periods during 
the first three and one-half hours. The exceptions are the fifth half hour 
on March 31, and the first, inxth and seventh half hours on March 19. 
The maximum increase in miy one half hour was on March 31, the third 
half hour, 1.8 grams. In general the greatest increases came in the second 
and third half hours. In the experiment on January 25, which has a high 
basal carbohydrate per half hour, 3.87 grams, the increases were continued 
throughout four hours, whereas with the slightly lower basal carbohydrate 
on March 19, there is a continuous decrease per half hour beginning with 
the sixth half hour. In general this group did not show so large an increase 
in the carbohydrate metabolized as the experiments with 21 grams, al- 
though the amount ingested here was 5 grams greater. The average in- 
crement in three hours was 4.4 grams, equivalent to 17 per cent of the 
sugar ingested. In this group the average basal metabolism of carbohy- 
drate was 3.05 grams, whereas in the 21-gram group it was 2.79 grams, 
which may account in part Jor the lower increase with 25 grams. The in- 
crease in carbohydrate metabolized due to 250 cc. of water alone plays 
little or no r61e in the change due to ingestion of 25 grams of dextrose. 

With 36 grams on February 12, in the fourth half hour, there was a rise 
of 0.10 in the respiratory quotient, and a rise in the quotient in all of 
the half hours with the exception of the first and ninth. There was an 
increase in the carbohydrate metabolized per half hour beg inning with the 
second half hour after ingestion and continuing through the eighth. The 
total increase was 7.94 grams in four hours, thus equivalent to about one- 
fifth of the amount ingested. There was no experiment with 350 cc. of 
water alone. The experiments with 250 cc. gave an increase of 0.2 gram 
of carbohydrate in the first hour, and 500 cc. of water alone in one experi- 
ment resulted in an increase of 3.2 grams in 2 hours, so that about 1.5 
grams of the rise after ingestion of 36 grams of dextrose may be ascribed 
to the water alone. 

With 52 and 104 grams, there was a rise in the respiratmy quotient 
of 0.10 in the second hour and a rise in all of the periods. The ingestion of 
52 grams in 500 cc. of water produced increases in the carbohydrate metab- 
olized in all the periods, the maximum occurring in the third half hour, 
3.17 grams. During the four hours there was an increase of 16.8 grams in 
carbohydrate metabohzed, which is equivalent to 32 per emit of the 
amount ingested. In tim mtpeiiment with 104 jpnms, the increment was 
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20.5 grains in three and one-half hours, equivalent to 20 per cent of the 
dextrose ingested, but in neither of these experiments was the total in- 
crease in the metabolism of carbohydrate measured, as the amount per 
half hour did not fall to the basal level. The 500 cc. of water alone resulted 
in an increase of 3.2 grams in the carbohydrate metabolized, so that part 
of the rise due to 52 and 104 grams may be ascribed to the water of dilu- 
tion. 

The results show that, in general, quantities from 10 grams upwards 
of dextrose produce a positive rise in the respiratory quotient, beginning 
usually during the second half hour after ingestion, and the maximum 
quotient is obtained in the third half hour after ingestion. The average 
maximum rise in a single period for each group is shown in Figure 1. 


AVERAGE MAXIMUM RISE IN RESPIRATORY QUOTIENT AND IT*- 
CREASE IN HEAT PRODUCTION AFTER INGESTION OF DEXTROSE. 



Figubz 1. The upper line shows the average maximum increase in any single period for the 
respiratory quotient after the ingestion of dextrose. The lower line shows the average summation 
of increase in heat production above basal for each group. 


It is evident that dextrose given in 10 gram amounts or over will raise 
the carbohydrate levels for a period of 1 hoxir or more, so that in order to 
supply carbohydrate equal to that metabolized by our subject in the basal 
condition dextrose should be given in amounts under 10 grams at inter- 
vals of one and one-half hours. 

Length of TniE in Which Dextrose Ingested Would Re- 
riACE THE Carbohydrate Metabolized 
The length of time in which the dextrose taken would replace the carbo- 
hydrate bunted after the sugar is taken is given in Table III. In the 
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four experiments with 5.05 to 5.25 grams, the sugar ingested would last 
about an hour. The longest period is with the lowest basal carbohydrate 
of 1.68 grams on February 24, whereas the shortest period is with the high- 
est basal carbohydrate of 3.17 grams on May 26. In the four experiments 

Tabus in 

LExeiB or Tna Douno Watca Inoesieo Dextbose Wouu> Replace lax 
Caebohydeate Metabouzed 
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with 10.1 to 10.5 grains, the basal carbohydrate is higher on the average, 
and the sugar ingested would last about one and one-half hours. The 
inverse relationship between the basal carbohydrate and the length of 
time in which the dextrose would replace the carbohydrate burned holds 
in the 10-gram series. In the experiments with 15.5 and 15.75 grams, 
the average duration as compared with the 10-gram group is increased by 
45 minutes, which corresponds nearly to the difference in duration between 
the 5 and the 10 gram groups, i.e., 36 minutes, llie additional duration 
of carbohydrate metabolized, supplied by the dextrose when 20 to 21 
grams are taken, is 20 minutes. The group of 25-26 grams would supply 
the carbohydrate metabolized for 222 minutes, an increase of 59 minutes 
due to the extra 5 grams. With the higher amounts of 36, 52, and 104 
grams, the metabolism of carbohydrate is relatively higher per minute, 
so that the dextrose ingested would not last so long. Calculated on a per 
gram basis the dextrose ingested would last 12, 9.4, 9.2, 8.0, and 8.5 
minutes per gram of dextrose in the groups from 5 to 26 grams. This 
suggests that the smaller the quantity of dextrose the more economically 
it would be used, provided there was no need to raise the general carbo- 
hydrate level. 

Heat Production and Specieic Dynamic Action* 

The heat production per half hour in the basal period and in the half 
hours succeeding the ingestion of dextrose is given in Table IV. The basal 
heat production varied from 29.2 calories on April 26 and March 26 to 
32.0 calories on April 15 and May 14. 

Three of the four experiments with 5 grams of dextrose gave slightly 
lower values after the ingestion of dextrose. The fall in heat production 
was not quite so much as after 50 cc. of water alone, but the difference is 
not significant. 

In the experiments with 10 grams, there were increases in the first hour 
in all four experiments, and on February 19, slight increases occurred suc- 
cessively through the fifth half hour. The maximum increase in any one 
half hour was 2.4 calories in the second on February 19. The experiments 
of February 19 and March 5 showed the greatest total increase, the maxi- 

* Benedict and Carpenter (1918 p. 335) designated the relationship between the increase in 
heat production and tire fuel value of the ingested material as the “cost of digestion.” The 
eapt^on “specific dynanuc action” has also been used by some writers in the same sense, and 
as this phrase is the more commonly used as a synonym for the stimulating effect of food com- 
pcmeaits upon total metabolism, the percentage r^ionabip between the fuel value of the ingested 
sugat and the increase in heat production will be called “specific dynamic action” in this and the 
following artide. 
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mum being 6 calories on February 19, and 4 calories on March 5. These 
increases are equivaloat to 16 and 11 per cent, re^ctively, of the heat 
value of the dextrose ingested, i.e., specific dynamic action, but if the 
average increase during the first hour is used (2.1 calories), there was a 6 
per cent specific dynamic action. With 100 cc. of wateri alone the change 
was +0.5 calorie the first hour, and —0.5 calorie the second hour. The 
correction for water alone would affect but little the maximum increase 
after 10 grams of dextrose. 

With 15.5 to 15.75 grams of dextrose, there was an increase in the heat 
production in all four experiments during the first two half hours. The 
maximum summation of increments by half hours was 5.7 calories on 
March 10, and the average increase in the first hour was 2.3 calories, 
equivalent to 4 per cent of the heat value of the ingested dextrose. The 
results of the experiments with 150 cc. of water alone were anomalous 
in that they showed greater drop in heat production than any other group, 
so that correcting the above values for the drop after water alone would 
raise materially the changes in heat production. 

In four experiments with 20 and 21 grams, the increases occurred only 
during the first hour. After this, for the most part, the values were lower 
than those for basal. One experiment gave an increase of 4.2 calories in 
four hours, and maximum summation of increments occurred only in the 
first hour in all of them, averaging 3.2 calories, which is equivalent to 5 
per cent as the specific d 3 mamic action. The effect of 200 cc. of water was 
to increase the heat production by 2.6 calories in 4 hours. This would 
nearly wipe out any effect due to dextrose alone, and therefore would 
bring about the result that 21 grams of dextrose were not so effective in 
increasing the heat production as smaller amoimts. 

In four experiments with 25 and 26 grams, there was an increase in 
heat production during the first two hours on January 25 and March 19. 
On May 14 and Mardi 31, the increase occurred mainly during the first 
hour. In general, the heat production was slightly greater after the inges- 
tion of 25 grams than after 21 grams. The maximum summation of in- 
creases was 6.5 calories in two hours on March 19, and the average in- 
crease in two hours was 3.7 calories, equivalent to 4 per cent of the fuel 
value of the dextrose ingested. The heat production after 250 cc. of water 
alone was increased 1.2 calories the first hour, which would leave 2.4 
calories as the increment in one hour due to 26 grams of dextrose alone. 

The heat production in the experiment with 3S.S grams rose markedly 
in the first three half hours. Tim maximum increase was 3.4 calories in 

* fhrtht<i^a|)(ainetaboBiDiofin|eitionofinttfaIoDe,ieepi«Woaspaper, p.359. 
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the second half hour. Ihe greatest increase summed to 7.0 calories in 2 
hours, i.s., 5 per cent sped&c dynamic action. No experiments were made 
with 350 cc. of water ^one, but one may interpolate the results between 
250 and 500 cc. This would give as the increase in heat production diuing 
the first hour due to water alone 1.8 calories, which would leave 3.3 calories 
due to the dextrose alone. It is evident that some of the increase in heat 
production after 350 cc. of 10 per cent solution of dextrose may be due to 
water alone. 

With 52 grams, the maximum increase was 3.5 calories in the first and 
fourth half hours, and the minimum increase was 0.6 calorie in the sixth 
half hour. Throughout the first two hours there was an increase of 10 
per cent or over. The increase in four hours was 20.0 calories, and this 
apparently does not include the total increase due to 52 grams of dextrose, 
as the heat production had not reached basal at the end of four hours. 
The difference between 36 grams and 52 grams is 16, and this additional 
amount caused a greater additional increase in heat production than any 
quantity under 36 grams. 

With 104 grams, there was an increase of 5.5 calories in each of the 
first two half hours, i.e., 18 per cent above the basal heat production. The 
experiment was only three and one half hours in length, and during this 
time there was an increase of 27.6 calories, 13 per cent above basal, 
but this does not include all the heat increase due to 104 grams, as the 
heat production had not reached basal during the 3 1/2 hours. 

With 52 grams, the increase of 20 calories equals 10.3 per cent as the 
specific dynamic action and with 104 grams, the increase of 27.6 calories 
in three and a half hours equals 7.1 per cent, but in neither of these was the 
duration long enough to measure all of the heat increment. Benedict and 
Carpenter (1918) found with 75 and 100 grams of dextrose from 2 to 9 per 
cent, and Deuel (1927) found 8 per cent with 75 grams of glucose. 

Only one experiment with 500 cc. of water alone was made, and this 
resulted in an increase of 8.0 calories in 2 hours. The subtraction of this 
amount from the inaeases of 13.3 and 18.2 calories after 52 and 104 
grams would lower materially the increase due to dextrose alone. It is 
evident that further investigation is necessary to determine whethar 
there is a real difference in heat production as affected by sugars i^ven dry 
or given in 10 per cent solution. This situation raises the. question as to 
how much of the effect of food is due ^edfically to the food itself and how 
much to the fluids taken along with it. 

Apparently there is a critical levd in the relarimuhip between the energy 
value of dextrose and the increment of heat futuiuction after the ingestion 
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of a 10 per cent solution of this sugar. This level occurs with amounts of 
dextrose up to and including 25 grams; with these amounts the increment 
in heat production equals about 4 per cent of the energy value of the dex- 
trose. Above 25 grams the increase in heat production is greater. The 
average siunmated increase in heat production for each group is shown in 
Figure 1, page 381. 

This finding is of value where it is desirable to give dextrose without 
raising noticeably the heat production. It is evident that 25 grams or 
tmder may be given at intervals of one and a half hours without causing 
a rise in the heat production of over 6 per cent. Such a procedure would 
be useful when one wishes to supply carbohydrate just sufficient to be 
above the level of ketogenesis, but does not want to produce glycosuria. 
Amounts above 25 grams would lead to greater increases in heat produc- 
tion which in turn would require a greater energy supply for maintenance. 
It should be noted that 25 grams far exceeds the maximum requirements 
for carbohydrate supply for one and a half hours. The greatest carbohy- 
drate use in the first three half hours after dextrose ingestion in these ex- 
periments was 14.7 grams on January 25 when 25 grams were taken. An 
amount between 10 and 15 grams woxild be equivalent to the sugar used 
in one and a half hours with this subject. The amount to be taken would 
also depend on how low a carbohydrate level the subject had, when the 
ingestion began. 

SVMMAXY 

The respiratory exchange of a human in the post-absorptive condition 
was determined by two different methods, for from three to four hours 
after the ingestion of dextrose in amounts between 5 and 104 grams in 
water at 37® C. 

In the majority of the observations, the maximum respiratory quotient 
was observed in the third half hour, and all amounts of 10 grams or over 
were accompanied by significant changes in the respiratory quotient. 

Increases in the metabolism of carbohydrate were observed in the first 
one and one-half hours with amounts of 5 to 10 grams, in 3 hours with 
15 grams and in three and one-half to four hours with 21 to 25 grams. 

The increase in carbohydrate metabolism above basal for 3 hours repre- 
sented on the average from 17 to 31 per cent of the amount of dextrose 
ingested in quantiries of 10 to 36 grams. 

The increase in heat production was practically 1 calorie for each addi- 
tional 5 grams from 5 to 25 grams. The increase in the heat production 
above 25-gram amounts rose more rapidly in proportion to the additional 
amouate given. 




388 EVMAfi GASEOUS BXCMANGB Ann DEXrmSM Yol,ll,N4.4 


Hie specific dyniinic u:tioa, that is, the xelatka of the increase m heat 
production to the energy value of the h^^ested dextrose, varied from 4 to 
6 per cent when 5 to 36 grams were given. When 52 grains were taken, the 
value was 10 per cent. 
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THE GASEOUS EXCHANGE OF THE HUMAN SUBJECT 
III. AS AFFECTED BY SMALL QUANTITIES OF 

LEVULOSE 

By Thorne M. Carpenter and Edward L. Fox 
{From the Nutrition Laboratory of the Carnegie Institution of 
Washington, Boston, Mass.) 

Received for Pubtlait!o&>~5ei»teinber 24. 1929 

I N A PREVIOUS investigation in this Laboratory (Carpenter 1925), an 
experiment with 30 grams of levulose in 500 cc. of water was reported 
in which the respiratory exchange was measured. There was a marked 
rise in the respiratory quotient, which was nearly as large as that observed 
in an earlier study (Benedict and Carpenter 1918) with the much larger 
quantities of 75 and 100 grams. This result indicated the desirability of 
experiments with small quantities of levulose in order to determine the 
minimum quantity that would produce a measurable change in the re- 
spiratory quotient, and in the metabolism as represented by the calculated 
heat production. Also, in view of the characteristic course of the re- 
spiratory quotient after comparatively large amounts of levulose as com- 
pared with that after dextrose, the question arose as to whether this typical 
curve would occur when the quantities were much smaller. 

The number of experiments in which levulose has been given to man in 
quantities under 50 grams, and the respiratory exchange measured, is 
relatively small. Lublin (1926) reported two experiments with 20 grams 
and three experiments with 30 grams of levulose. The respiratory quotient 
rose markedly within an hour in all of the experiments and there was also 
an increase in the consumption of oxygen. 

The methods of measuring the respiratory exchange before and after 
the ingestion of levulose were the same in the experiments here reported 
as in the preceding studies on the effect of the ingestion of water and of 
small quantities of dextrose. {This Jour. 1930, II, 359 and 375.) The levulose 
used was Kahlbaum’s commercial grade of levulose, which was weighed 
out as needed, dissolved in pure water and warmed (in all but one experi- 
ment) to 37®C. The solution was usually taken by sucking it through a 
small rubber tube and using 25 cc. of water for final rinsing of the con- 
tainer and tubing. 

Results oe Ingestion oe Levulose 

Basal values aud results in half hours following the ingestion of the 
levulose axe given for the respiratory quotient, carbohydrate metabolized 

389 
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and heat produced In aS the experhnenta with the gasometer method and 
the Universal apparatus. As in the preceding two papers, the first of the 
basal penods was rejected and the basal values given were derived from 
the average of periods 2 to 6 inclusive, in the basal hour preceding the 
ingestion of sugar. 

As the respiratory quotient is computed from the total respiratory ex- 
change, the metabolism of protein must be obtained for the calculation 
of the total heat produced and consequently for the carbohydrate metabo- 
lized. These computations have been carried out for the basal period 
and for the half hours after the ingestion of levulose in the same manner 
as in the experiments with water and with dextrose, the average urinary 
nitrogen per hour in the experiments with levulose being 0.43 gram for the 
experiments with the Universal apparatus and 0.39 gram for the experi- 
ments with the gasometer apparatus. 

RsspiaAToxv Quotient and Metabousi oe Caebohydkate 

The respiratory quotients and carbohydrate metabolized, are given for 
the experiments with levulose in Tables I and 11. In general, the ingestion 
of 5 grams of levulose was followed by a sli^t rise in the respiratory 
quotient within an hour. The metabolism of carbohydrate was definitely 
increased in the first half hour of five of the experiments with 5 grams of 
levulose. On April 16 and February 5 this increase continued to the fourth 
half hour, and on the latter date through the ninth half hour. In the 
experiment on June 14, there was an increase lasting for one hour. The 
average increase in carbohydrate metabolized in the first half hour after 
5 grams of levulose was 0.4, and in the second half hour, 0.3 gram. 

On the days when 10 grams of levulose were ingested, there was a 
definite rise m the respiratory quotient in the second half hour in all the 
e:q)eriments and in the first half hour in three experiments. In general, 
the increase in quotient in the second half hour of the four experiments 
with this amount of levulose was greater than the inaease after 5 grams 
of levulose. The carbohydrate metabolized was increased in all of the 
four experiments. The average increase in half hours 1 to 4 was 0.9, 1.7, 
0.4, and 0.2 gram, re^ctively. The average summarion' of increases for 
2 hours in the four experiments was 3.1 grams. 

In the eiqieriments with 15.5 grams of levulose, there was an increase in 

1 By tUs opieMdob fa meut the greetest inctease thrt gbd be obtained by 

adding the incmaea fa iwxeiifatifalfhouxB. The ntunbet hatt houta so lued wiB vaiy fa the 
diffeteat espe rf men t a acconfatg te the duration of facteaaea at wtB aa the d Imdeae 
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the lespiiatoiy quotient lasting on January 8 throughout the 4^^ hours 
of measurement, on March 22 for 3 hours, and on January 27 and March 29 
for 1^4 hours. There was thus a difference between the results obtained 
with the Universal apparatus on January 8 and March 22 and those 
obtained with the gasometer apparatus on January 27 and March 29. The 
increase in respiratory quotient during hours in these experiments 
with 15.5 grams was greater than that after either 5 or 10 grams of 
levulose. The metabolism of carbohydrate was increased immediately 
following the ingestion of levulose in all of the four experiments, but this 
increase varied in duration in the several experiments, lasting from IH 
hours to hours. The greatest increases occurred in the second half 
hour, in which the maximum was 4.06 grams on March 29. The average 
summation of increases for 3 hours in the four experiments was 8.2 grams. 

Following the ingestion of 21 grams of levulose, there was a marked 
increase in respiratory quotient in the second half hour in all four experi- 
ments, and in the first half hour, in three of the experiments. The increases 
in the quotients lasted from 2 to 3 hours and were, in general, somewhat 
more sustained than in the preceding groups with levulose. The metabo- 
lism of carbohydrate was increased in all cases for at least 2 hours; on 
March 17, 2)^ hours and on January 2 and November 27, 3 hours. The 
average summation of increases for 3 hours in the four experiments was 
7.2 grams. Compared with the increases for the 15.5-gram group, the 
increases after 21 grams of levulose were mostly smaller, both by succes- 
sive half hours and as summation of increases. The average basal carbo- 
hydrate was somewhat lower in the 15.5-gram group than in the 21-gram 
group, i.e., 2.30 as compared with 3.06 grams. This fact may account for 
the higher increases after 15.5 grams of levulose. 

In all of the six experiments with 26 grams of levulose, there was a 
definite increase in the respiratory quotient in the first half hour, and in 
five of the experiments these increases lasted from 2 to 3J4 hours. The 
quotients were more sharply increased in the first hour than in the same 
length of time in the 21-gram group. There were increases in carbohydrate 
metabolized for from 2 to 3 hours in these experiments with 26 grams, 
the maximum increase in any half hour being 3.8 grams in the second half 
hour on November 19. The average summation of increases for 3 hours 
in the six experiments was 7.8 grams. These changes in carbohydrate 
metabolized are of the same order of magnitude as those noted after the 
ing^on of 21 grams of levulose. 

In one of the two e]q)eiimmits with 52 grams, the rise in respiratory 
quotimt was 0.17 in the second half hour, which was equalled in the 
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Half hours after ingestion of ievulose. 
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preceding groups only in the second half hour after 26 grams on December 
17. The increase m the re^iratory quotient and the carbohydrate metabo- 
lized lasted 3^ hours in one experiment and three hours in the other. The 
two experiments gave total increases in carbohydrate metabolized of 14.5 
and 15.7 grams, respectively, in hours, which are twice as great as 
those after half as much levulose, but we cannot be certain that all of the 
increase in carbohydrate was measured in the experiments with 52 grams, 
as the experiments were continued only 3^ hours after the ingestion of 
levulose, and the carbohydrate metabolized was still above the basal 
amount in the last half hour on December 8. 


AVERAGE MAXIMUM RISE IN RESPIRATORY QUOTCNT AND IN- 
CREASE IN HEAT PRODUCTION AFTER INGESTION OF LEVULOSE, 



FiGintz 1. The upper line ihowi the avenge maximum incieaM In any ringle period for the 
reqnratory quotient after the ingeition of levuloK. The lower line shows the average summation 
of increase in heat production ^>ove basal for each groiqt. 


After the ingestion of 104 grams of levulose, there was a marked increase 
in the respiratory quotient which lasted at least the 4 hours of the observa- 
tions. The carbohydrate metabolized did not return to the basal value in 
4 hours. The total increase in 4 hours was 32.1 grams, which was twice as 
large as with <me half the quantity of levulose, i.e., 52 grams, but the 
ejqperiment was not long enou{^ to measure all the increase in carbo- 
hydrate. 

The average of the maadmum rise of the re^imtoiy quotient in each 
experiment is shown for each group in Figure 1. 

In general, there was a i^j^t increase in carbehydrate metabdized 
after the ingestion of the smaller amounts of levulose, whidx rises with the 
amount ingested till the levulose is 15.5 grams. For 15.5 to 26 grams of 
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levulose, there is a plateau in the total increase of carbohydrate metabo- 
lized at about 7 to 8 grams, and above 26 grams, the increase in carbo- 
hydrate is at least proportional to the additional amounts given and may 
rise more rapidly than the increase in amount given. 

Relation or Increase in Carbohydrate Metabolized 
TO Levulose Ingested 

In the experiments with 5 grams of levulose there was an average sum- 
mation of increases of 0.7 gram in carbohydrate metabolized, equivalent 
to 14 per cent of the ingested levulose. For 10 to 104 grams of levulose, the 
increase measured was equal to from 29 to 34 per cent of the levulose 
ingested, except for IS.S grams of levulose which resulted in an increase in 
carbohydrate metabolized equivalent to S3 per cent. It is probable that 
in the last three experiments the total increase was not measured, so that 
the real percentages represented by the increases after 52 and 104 grams 
of levulose would be somewhat higher than those given above. In general, 
these percentages are somewhat higher than those found in the experi- 
ments with small quantities of dextrose. 

Length or Time in Which Levulose Ingested Would 
Replace Carbohydrate Metabolized. 

The length of time in which the ingested levulose would replace the 
carbohydrate metabolized after the levulose was taken is given in Table 
in. In the six experiments with 5 grams of levulose there was a wide range 
in the basal carbohydrate and the extremes in duration of replacement 
bear inverse relationships to this range. Doubling the amount ingested 
to 10 grams increases, on the average, the duration of levulose as the sup- 
ply by about 80 per cent. Again the maximum duration accompanies the 
lowest basal carbohydrate, and, vice versa, the minimum duration accom- 
panies the highest carbohydrate. The addition of 5.4 grams of levulose, 
raising the amount ingested to 15.5 grams, increases the length of time the 
supply would last to 109 minutes on the average, i.e., an increase of 23 
minutes. The average for the 21-gram group is 31 minutes longer than that 
for the 15.5-gram group, an increase slightly greater than the difference in 
duration for the 10-gram and 15.5-gram groups. In the 26-gram group, 
the sugar would replace the carbohydrate metabolized for over three hours, 
or an additional 49 minutes over the average for the 21-gram group. The 
inverse relationship between high basal carbohydrate and shorter duration 
of the supi^y holds for the most part in the individual experiments. The 
larger amounts of 52 and 104 grams would replace the carbohydrate 
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metabolized for a somewhat longer period of time than the experiments 
lasted, as on the average only 30.3 grams of carbohydrate were metabolized 
in 209 minutes after the ingestion of 52 grams, and 54.4 grams of carbo- 
hydrate after the ingestion of 104 grams. Beginning with the 15.5 grams 
of levulose the increases in the duration of replacement of the carbohy- 
drate burned are greater than would be expected from the additional 
amounts of levulose ingested. 

Heat PRonucnoN 

The values for the heat production in the basal periods and in the half 
hours after the ingestion of levulose, are given in Table IV. In five of the 
six experiments in the 5-gram group, there was an increase in the first 
half hour, and in four, there was an increase in the second half hour. 
Beginning with the third half hour, the changes were mostly in the minus 
direction. The average change in heat production during 1 hour was +0.5 
calorie. 

In three of the experiments with 10 grams there was an increase in heat 
production in the first half hour, and in all four an increase in the second 
half hour. The average increase in the first half hour in this group was 1.0 
calorie; in the second, 0.9 calorie. The average fall in this group, from half 
hour to half hour, beginnmg with the third half hour, was not so large as 
in the group with 5 grams of levulose. The average increase in 2 hours was 
1.1 calories in contrast to the decrease in 2 hours found with the 5-gram 
group. 

There were positive increases in the first two half hours in all four 
experiments with 15.5 grams, which ranged from 1.0 to 3.6 calories. In 
the experiment on March 22, there was practically no change after the 
first hour. Although there was a high basal value on January 27, the heat 
production was increased in each succeeding half hour. The average in- 
crease for the four experiments amounted to 1.9 calories both in the first 
and in the second half hours, and there was a slight increase, 0.3 calorie 
on the average, in the third half hour. The average increase in 3 hours 
after 15.5 grams of levulose was 4.0 calories. The l5.5-gram group as a 
whole gave a greater maease in heat production than the two preceding 
groups. 

Thrw out of four crqperiments with 21 grams, namely those with the 
hig^ basal heat production, gave increases in the first and second half 
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hours, and two of the three also gave increues Is the third and fourth 
half hours. These three experiments, together with the one cm January 
27 in the IS-gram group, suggest that the reaction to the ingestion of 
levulose is greater when the basal metabolism is high than when it is low. 
The average Increase in the first half hour for the four experiments was 
0.7 and in the second, 0.5 calorie. These increases are not so great as in the 
two preceding groups with 10 and 15.5 grams of levulose and the average 
decreases in the succeedmg half hours, namely from 0.5 in the fifth half 
hour to 1.2 calories in the ninth half hour, were greater than in those 
groups. For the group as a whole, therefore, there was not so marked an 
increase in metabolism as for the preceding group. 

In all six experiments with 26 grams there was an increase in the heat 
production in each of the first three half hours, and in five of the experi- 
ments there was an increase in the fourth half hour. There was a greater 
general increase in the heat production in the first four half hours, and a 
smaller change in the next five half hours than in any of the preceding 
groups. The net increases were of about the same order as those for 15.5 
grams and were not so great as one would expect if the increases were 
proportionate to the amount of levulose ingested. With the exception of 
the 21-gram group, there was progression in the increases in heat produc- 
tion as the amount of levulose ingested was increased. 

In both experiments with 52 grams, ail succeeding half hours after the 
ingestion of the levulose showed an increase, the maximum being 4.4 calo- 
ries in the first half hour on December 22. The total increase in 3}4 hours, 
which was as long as the experiments were continued, was 12.7 calories. 
Both in 1 hour and in 2 hours the increase in heat production after 52 
grams was nearly twice as much as it was in corresponding periods with 
one half the quantity of levulose. In three hours the increase was two 
and <me-half times as great as it was with one half the quantity of levulose. 

In the one experiment with 104 grams, there were increases in all of the 
periods measured and, in all likelihood, the total increase in heat produc- 
tion was not obtained, as the increase evidently continued longer than 4 
hours. The maximum increase of 7 calories occurred both in the third and 
in the fourth half hour, and was equivalent to 22.6 per cent of the basal 
value. The increase in 1 hour was 11.2 cabiies, whidi is nearly twice the 
increase in 1 hour after 52 grams of levulose. 2 hours it was 25.2 ado- 
ries, which is nearly three times the increase after 52 grams; in 3 hours it 
was 37.2 calories, which is over three rimes the increase after 52 grams; 
and in 4 hours it was 45.8 cakuies, which b about ten times as much as the 
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increase in 4 honrs with 26 grams, that is, one^juaiter of the amount of 
levulose given in this experiment. 

There was a gradual ascent in the increase in heat production above the 
basal values whra quantities of levulose from 5.05 to 15.5 grams were 
taken. The increase after 26 grams was about the same as after 15.5 
grams, but the increase after 21 grams was not so large as after 10 and 15.5 
grams. The calculation of the true effect should include the differences in 
the negative changes in the periods following those in which increases were 
found. These negative changes were not so large for the 10, 15.5, and 
26-gram groups as for the 5 and 21-gram groups. The summation of the 
average negative changes in the fifth to ninth half hours for the 5 and 21- 
gram groups was 3.7 and 4.4 calories, respectively, whereas in the 10, 15 
and 26-gram groups it was 1.9 calories, 0.7 and -1-0.3 calorie, respectively. 
There was, therefore, in addition to the positive increases in heat produc- 
tion, a difference in the various groups of nearly 4 calories in the downward 
course of the heat production in the periods following those in which there 
was a rise in heat production over basal. The real elevation in heat produc- 
tion for the 10, 15 and 26-gram groups was greater by 4 calories than that 
in the 5 and 21-gram groups. The average increase in heat production for 
each group is shown in Figure 1, page 3^. 

Specific Dynamic Action 

The increase in heat production due to 5.05 grams of levulose was on the 
average 0.5 calorie, which is equivalent to 3 per cent of the fuel value 
(heat of combustion) of the levulose; in the 10.1-gram series the increase 
of 1.8 calories equals 5 per cent. Hie summation of increases in the 15.5- 
gram group was 4.0 calories, which is equivalent to 7 per cent. In the 
21-gram group, as pointed out in the discussion of the heat production, 
the increase was smaller in proportion to the amount ingested than in 
either the 10 or the 15.5-gram group, i.e., only 1.5 calories, or 2 per cent. 
The summation of mcreases in the 26-gram group was 4.7 calories, which 
is 5 per cent of the energy value of the levulose ingested. In the discussion 
of the heat production, it was shown that to the positive increases above 
the basal vsdue could be added about 4 calories which are due to the fact 
that the fall in the heat production from the fifth to the ninth half hour 
after 26 grams was not so large as that after 5 grams and intermediate 
quantities of levulose. Including this the amount of heat would raise 
the ^ecific dynamic action for 26 grams of levulose to 9 per cent. 

The increase in one of the experiments with 52 grams was 19.4 calories 
m iyi hours, udkich equals 10 per cent, but the increase in the other expeii* 
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ment was only 5.9 calories in 3H Hours, s^iich equals 3 per cent. The 
average of the two would be 6.5 per cent of the faid value. In ndither 
experiment was the basal heat production reached after the ingestion of 
the levulose, so that the spedhc dynamic action is probably higher than 
the above values. The increase in the experiment with 104 grams was 
45.8 calories in 4 hours, which is eqitivaient to 12 per cent, and this is 
minimtun, as in the eighth half hour the heat production was stiU 4.4 
calories above the basd value. Benedict and Carpenter (1918, p. 338) 
found, with 75 and 100 grams of levulose, 3 to 14 per cent, and Deuel 
(1927) has recently reported 7 per cent as the specific dynamic action of 
fructose. The specific dynamic action, then, rises for quantities of levulose 
varying from 5 to 15.5 grams, is low with 21 grams, and then rises some- 
what more rapidly as larger amounts are given. There is more irregularity 
in the specific dynamic action of levulose than there is in the case of 
dextrose, but both sugars behave similarly in that the larger anmunts 
result in greater increases of heat production on the percentage basis. 

The RdiE ox the Watee Ingested with Levulose. 

The r61e which the water plays in the changes in carbohydrate metabo- 
lized and heat produced, when sugars are given, has already been discussed 
in the previous contribution on the effect of dextrose and water upon these 
factors. If correction were made for the effect of water alone in the results 
for 15.5 grams of levulose, or under, the increases in both the carbohydrate 
utilized and heat produced would be augmented. With 21 grams of levu- 
lose (200 cc. of water), the change in carbohydrate would be increased, and 
the change in heat produced would be decreased. With 26 grams of levu- 
lose (250 cc. of water), the increases in carbohydrate, though diminish ed, 
would not be affected seriously, and the increase in heat production would 
be diminished by 2.6 cidories. Correction for the ^ect of water, when the 
levulose (52 and 104 granw) was given in 500 cc. of water, would lower the 
increase in carbohydrate by about 3 grams and would lower the increase 
in heat production by about 7 calories. 

The Signieicance of the Respisatoey Quotiskt 
AETEE InOISTION OE LsVULOSE. 

One of the objects of this study was to detemine whether the type of 
reaction observed alter the hogestion of levulose is the same regardless of 
the amount givoa. A study of the respiratory quotients in tiiese experi- 
ments shows that this is the case. There isa maxhed rise in theie^)iratoiy 
qvKitient to a peak, which takes plaoettsaillywityn 45 atin^^ Themain 
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difference in the results with the different quantities is the height to which 
the quotient rises and the duration of the ]}eriod of the high quotients. If 
the basal respiratory quotient in each experiment is subtracted from the 
highest quotients for a angle 10 to 15-minute period, the average rise in 
quotient for the different amounts of levulose is as follows; 5.05 grams, 
0.05; 10.1 grams, 0.09; 15.5 grams, 0.18; 21 grams, 0.12; 26 grams, 0.16; 
52 grams, 0.18; and 104 grams, 0.21. There is no marked difference in 
these increases when the amounts are above 10.1 grams, for 15.5 and 52 
grams gave the same result. There is a tendency to longer periods of high 
respiratory quotients with increasing amounts ingested, the high quotients 
persisting for nearly two hours after 104 grams of levulose. Another fact 
of interest is that the rise in the quotient is independent of the basal 
respiratory quotient. In the 10.1-gram group, increases of 0.09 and 0.08 
were found with basal respiratory quotients of 0.88 and 0.80; in the 15.5- 
gram group, a rise of 0.17 with basal quotients of 0.85 and 0.80; in the 21- 
gram group, increases of 0.13 and 0.12 with basal quotients of 0.83 and 
0.87; and in the 26-gram group, a rise of 0.17 with basal quotients of 0.81 
and 0.88, so that the reaction after levulose is uniformly independent of the 
original level of the respiratory quotient. High respiratory quotients after 
levulose, similar to those observed in the above experiments, have been 
found by nearly all previous investigators, most of whom have attributed 
the quotients to the process of formation of fat from levulose. 

Jo^n (1923, p. 233) was forced to the conclusion that the diabetic with 
respiratory quotient above unity converted levulose into fat. Dumont 
(1922) reported the beneficial effects of giving to diabetics those vegetables 
which produce levulose, and Root and Baker (1925) found increases in the 
respiratory quotient when le\tilose and Jerusalem artichokes were given 
to diabetic patients. Carpenter and Root (1928) demonstrated the absorp- 
tion and utilization of the carbohydrates of the Jerusalem artichoke (pre- 
sumably, for the most part, levulose and its polymers) in a diabetic patient 
with an absence of glycosuria, the prompt appearance of sugar in the urine 
when potato containing an equivalent amount of carbohydrate was given, 
juid the equally prompt retiun to a sugar-free condition when the arti- 
chokes were again a part of the diet. 

Campbdl and Maltby (1928) have recently made a series of measure- 
ments of the carbon-dionde combining power and lactic acid in the blood 
of patients to whom 100 grams of dihydroxyacetone, levulose, sucrose, 
glucose and maltose were given. They found that the ingestion of the first 
three substancfs resulted in a decrease in the carbon-dioxide combining 
power and an increase in the lactic add of the blood, the greatest changes 
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occurring with dihydxoiQracetoDe and the least with sucrose. On the other 
hand, th^r lotmd little or no diange after the ingestion of glucose or nud* 
tose. They conclude that the high respiratory quotients obtained with the 
first three materials were due to over ventilation and were not true meta- 
bolic respiratory quotients, whereas the quotients found after glucose and 
maltose were real indications of qualitative changes. However, it should 
be pdnted out that compensatory decreases in the respiratory quotients 
are not found in the studies with levulose and sucrose. Other evidences 
in the literature of changes in the lactic add in the blood when sugars were 
given conflict with the findings of Campbell and Maltby. Katayama 
(1929) found an increase in the lactic add of the blood simultaneous with 
the h 3 q)erglycemia which took place after the ingestion of 1.75 grams of 
dextrose per kilogram of body wdght in 22 normal and diseased subjects. 
Oppenheimer (1928) found no increase in the lactic add of the blood either 
in normal persons or in patients with diseases of the liver when 50 grains of 
dextrose or levulose in 300 cc. of water were administered by mouth. 

Douglas and Priestley (1924) have studied the changes taking place in 
the ventilation and the alveolar carbon dioxide in relation to the increase 
in the carbon dioxide elimination after the ingestion of 75 to 80 grams cane 
sugar. They found that the alveolar carbon dioxide remained practically 
undianged throughout the periods of hi{^ respiratory quotients and that 
the percentage changes in the calculated alveolar ventilation were dosdy 
paralld to the percentage changes in the carbon dioxide elimination. They 
condude that the respiratory center reacted to a tmiform carbon dioxide 
level and that there was an adjustment of the ventilation to correspond to 
the changes in the carbon dioxide elimination. One is therefore justified 
in conduding that the high respiratory quotients which they obtained were 
true metabolic indices. 

Fart of {the increase in oxygen absorption observed after levulose is 
ascribed by Campbdl and Maltby to the increased work of over ventila- 
tion. LOjestrand (1918) found a maximum value of 0.7 cc. of oxygen per 
liter of increased ventilation, and the maximum increase in vent^tion in 
any of the experiments in the series here reported was from an average of 
5.7 liters per minute in the basal periods to 8.1 liters in the fourth 10-min- 
ute period of the eiperiment with 104 grams of levidose. If the above 
value for oxygmi is applied (2.4X0.7), this increase in ventilation accounts 
for only 1.7 cc. of oxygen. The rise in oi^gen (x>nsumption in this period 
was from a basal of 216 to 253cc. per minute, an inoeaw of 37 oc. Further- 
more, ndther the veatilation nor the oi^'gai f dl matedalfy until more ^an 
an hour and oiM half after the fimrth period. 
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Campbell and Maltby comment that many of the hig^ resinratory quo- 
tients after levulose are from isolated short periods mid that one is not 
warranted in carrying out the calculations to a period of an hour from 
such short intervals of measurement. This comment applies neither to the 
investigations of Joslin nor to those here reported. Joslin’s studies with 
diabetics were conducted with the patient in a respiration chamber 
(Benedict and Tompkins 1916) for successive half hour periods which 
usually totalled two hours, and our experiments were made in successive 
short periods with a total duration of more than two hours in the first 
series after the levulose was taken. In some of our experiments with the 
larger quantities, the high quotients were obtamed for a period of an hour 
or more. In the experiment with 104 grams, the average non-protein 
respiratory quotient for 1 hour was 1.049 and for a half hour beginning 
20 minutes later was 1.032. In view of this evident effect of levulose and 
of the fact that even small quantities gave large increases in quotients, it 
seems highly probable that the ingestion of levulose results in the forma- 
tion of an oxygen-poor substance (fat) which may be either stored or sub- 
sequently burned. 

The usual interpretation of respiratory quotients is that when they are 
over 1.00, formation of fat from carbohydrate takes place, but when they 
are below unity, the character of the metabolism may be either predomi- 
nantly carbohydrate or predominantly fat, depending upon the level of the 
quotient. Benedict and Carpenter (1918, p. 248) have called attention to 
the possibility that formation of fat from carbohydrate may take place 
simultaneously with the utilization of the usual combination of protein, 
fat, and carbohydrate, even when the respiratory quotient is below unity. 
Cathcart and Markowitz (1927) have postulated that high respiratory 
quotients should be interpreted as indication of the formation of fat from 
carbohydrate and low quotients as an index of the opposite transformation. 
It is evident that if formation of fat from a particular carbohydrate takes 
place, it is an empirical interpretation of the respiratory quotient to con- 
clude that this transformation occurs only when the respiratory quotient 
is above unity. Consequently, the probability of the formation of fat from 
carbohydrate, when the respiratory quotient is below unity, is not ex- 
cluded. 

SuiiMAny 

The res^[uratory «cchange of a human subject was determined while he 
was in the post-absorptive condition and during 3}i to 4^ hours after the 
ingnt&m of levulose in amounts from 5 to 104 grams, which were taken 
in water at 37*C. 
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The maximum re^atoiy quotie&t was found mostly during the second 
half hour after levulose, and, with the larger quantities, the inaeases in the 
quotients were larger and continued later than with the smaller quantities. 

The inaease in apparent catabolism of carbohydrate represented 30 to 
34 per cent of the amount of levulose given the subject, with the exception 
of 14 per cent in the experiments with 5 grams of levulose and 53 per cent 
in the experiments with 15.5 grams. Although the values, 29 and 31 per 
cent, were found for 52 and 104 grams, not all possible increases are includ- 
ed as the experiments were too short in duration. 

Increases in heat production were found in all groups, which varied from 
0.5 calorie in 1 hour after 5 grams of levulose to 46 calories in 4 hours after 
104 grams. The minimum increase in proportion to the amount given was 
1.5 calories in 2 hours after 21 grams. 

The specific dynamic action varied from 2 per cent with 21 grams of 
levulose to 12 per cent with 104 grams, although in the latter case the total 
heat increment was not measured. 

Although the values obtained for carbohydrate after levulose are treat- 
ed mathematically as increases in metabolism of carbohydrate, a discus- 
aon is given with respect to the significance of the changes in the respira- 
tory quotient, and the probability is favored that the reaction after 
levulose is one of conversion of carbohydrate into an oxygen-poor 
substance (fat), even when the respiratory quotient does not rise above 
unity. 
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T he question has frequently been raised in recent years as to whether 
the rat is a suitable animal for use in studies of the antineuritic 
vitamin, since the symptoms of the specific deficiency (polyneuritis) have 
not in the past been produced with regularity in rats, during the course 
of feeding experiments, and because of this, doubt has arisen as to the value 
of this technique. As recently as 1928 Kinnersley, Peters and Reader^ 
make the statement that ‘Mt is not yet absolutely certain that rat tests can 
differentiate the curative factor in the vitamin B complex/’ Chick and 
Roscoe* rarely observed symptoms of polyneuritis in their animals on their 
basal diet K alone. Drummond^ noted paralytic symptoms in three only 
out of a large number of rats on diets deprived of water-soluble vitamins. 
Opposed to these negative results, we have the earlier work of Schaumann* 
who found that rats confined to a diet of denatured horse flesh developed 
symptoms of paralysis. He states that three rats on this diet became lame 
after 25-28 days on this diet. All three animals survived in this condition 
for the eighty days of the experimental period. Hofmeister* was able to 
produce symptoms of polyneuritis in rats with considerable regularity. 
His work will be referred to again. 

With the recent differentiation of the antineuritic vitamin from the 
more heat-stable substance (factor P-P, Vitamin B 2 or G) it becomes 
important to study the response of experimental animals to varying 
degrees of restriction of the vitamin, and to discover whether or not a 
characteristic train of symptoms may be produced in the rat, which may 

* Published as Contribution No. 620 from the Department of Chemistry, Columbia Univer- 
sity. 

* Kinnersley, H. W., Peters, R, A., and Reader, V., Antineuritic Yeast Concentrates. III. The 
Curative Pigeon Test: A Critique. Biochem, Jour,, 1928, xxi, 276. 

• Chick, H., and Roscoe, M. H., On the Composite Nature of the Water-Soluble B Vitamin. 
Biockm, Jour., 1927, xxi, ^8. 

• Drummond, J. C., A Study of the Water Soluble Growth-Promoting Substance in Yeast L. 
Biochem. Jew,, 1917, xi, 255. 

* Schaumann, H., Further Contribution to the Etiology of Beriberi. Trans, Soc, Trop, Med. 
1911, V, 58. Cited by Hofmeister.* 

• Holmeliter, F., The Beriberi of Rats. Bicckem, ZeUsekr., 1922, cxxvm, 540. 
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be correlated with the severity of the deprivation of the vitamin in the 
diet. 

The observations reported here were made in the course of experiments 
designed to measure the solubility of the antineuritic vitamin in alcohol 
80 per cent by weight.* Over 100 animals were kept under controlled 
conditions for periods varying from a few weeks to several months. Their 
response, when graded additions of the antineuritic substance were made 
to the basal diet, has been carefully noted. 

Expekhcentai, Methods 

Healthy young rats of known nutritional history were placed at 28 to 
29 days upon a diet believed to be quite free of the antineuritic vitamin 
but adequate, so far as present knowledge goes, in all other respects. The 
diet of Sherman and Spohn^ for determination of vitamin B (using this 
term in the older sense of the word) was modified to include 15 per cent 
of dry bakers’ yeast, autoclaved for three hours at 12S®C. The autoclaved 
yeast replaced an equal weight of cornstarch and supplied the recently 
differentiated heat-stable factor, but, so far as feeding tests indicated, 
contained no important amount of the antineuritic vitamin. 

Animals received this basal diet with or without the quantitatively 
graded additions of materials whose antineuritic potency was to be tested. 
These materials were dry bakers’ yeast, alcoholic extracts of yeast, the 
residue left after this alcoholic extraction, and an alcoholic extract of 
ground whole wheat. In the preparation of the alcoholic extract and the 
extracted reridue of yeast, *•* 400 grams of air-dry bakers’ yeast were 
treated with 1500 cc. of alcohol (80% by weight), thoroughly stirred and 
allowed to stand at room temperature (20® to 2S®C.) for 24 hours; then 
filtered with suction, and the yeast washed on a Buchner filter with 750 cc. 
of alcohol of the same strength; then again stirred with 1500 cc. of the 
alcohol, allowed to stand 24 hours, filtered and washed as before. The 
residue was dried in the air at room temperature. The extract obtained 
by combining the two filtrates and the washings was a clear yellow solu- 
tion of Pa 6.1. It was concentrated on the steam bath and evaporated at 

* Sandels, M. R., Dissertatioii, ColumU* Univenity, 1928. 

Siumoa, H. C., and Saaddt, H. R., Fiuther Esqperimental Differentistioa of VRunint B 
k 6 (aqpobliihed). 

* ShenitBa, H. C., and Spoha, A., A Critical Inves^tion and an AppKcation (d tlw Rat 
Gzowtli Metlud for rite stttdjr of ^tandn B. Jam. Amor. Chtm. Sot., 1923, xvo, 2719. 

* Shenmta, H. and Saadria, M. R., EqwrinMDto whh nfcamce to the mon heat-stahle 
factor in the vftaminBi^mqi (Factor P-F,VkaaiaBs or G). Pro.Sot.Batpor.Bkl.Moi., 1929, 
xxn,536 
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room temperature on to cornstarch. The dried product was ground and 
enough cornstarch was added to make the final weight of the preparation 
200 grams. 

SyUPTOUS op POLYlfEUKITIS IN THE RaT 

Animals on the basal diet alone grew somewhat during the first 7 to 14 
days then declined rapidly and died withm 25 to 40 days’ time, the average 
survival period being 38.1 days. The majority of these drooped in their 
cages and became weak and unsteady on their feet, but rarely showed 
characteristic symptoms of polyneuritis. At death cyanosis was usually 
prominent. 

Animals receiving the vitamin in amoimts which were measurable, but 
which were insufficient for protection, developed almost without exception, 
typical symptoms of polyneuritis. Head retraction was usually one of the 
earliest symptoms. In its mildest form it appeared as a nervous jerking 
of the head when the anunal became excited. In more aggravated cases, 
the opisthotonic position of the head was quite marked. There was some- 
times complete paralysis of the hind legs, but more frequently the nervous 
involvement manifested itself in a spastic gait, or in bss of muscular con- 
trol, especially when handled. Animals were apt to hold their heads on 
one side and walk in circles. The survival period appeared to be corre- 
lated with the amount of the vitamin supplied. 

An amount of the vitamin which allowed approximately net mamten- 
ance of the weight of the experimental animal over an eight week period, 
was frequently insufficient for protection from the deficiency. At main- 
tenance level a subacute or chronic type of polyneuritis often developed. 
Animals in this condition usually maintained life for several weeks, and 
the majority of these showed definite symptoms of polyneuritis continu- 
ously after the deficiency had once become manifest. 

A few typical protocols of animals showing characteristic behavior are 
given below: 

1. Protocols of litter mates, showing graduation of symptoms when fed 
graded amounts of antineuritic vitamin. The basal diet used in these 
experiments, a modification of the Diet 107 of Sherman and Spohn had 
the following composition: 


CudB, c^ncted with e0% alcohol 18% 

Salt miitoie (CMxnne and Mendel) 4% 

CodHvwdl 3% 

Butter {at, filtered 

Comtardi 53% 

Antodaved baken’ yeaat (3 hn. at 125*C)1S% 15% 




412 


FOLYNEUMITIS IN TEE RAT 


Ya.U,lt0.4 


IHit M 28 days of age the balwlntion designed to be davdd of «nt^^ 
vitamin, without further additbm Duxing the first week it gained soimewhati tb^ dedined 
rapidly and died without noticeable symptoms of polyneuritis, on the seventeenth day of Uie 
experimental period. 

R<U B2403. Put at the same age upon the same basal ration but received six times weekly, 
as 8i^>plement, the alcoholic ($5%) extract from 0.400 gram whole wheat. During the third we^ 
the animal developed acute symptoms of polyneuritis, the hind legs being cosopletdy paralysed. 
It died within a few days. 

RaiBZ40Z* Put at 28 days upon the same basal ration with suj^lement six times weekly of the 
alcoholic (85%) extract from 0.800 gram whole wheat. The animal grew considerably during the 
first two weeks, then lost slightly. During the fourth week polyneuritis develops and coin- 
cidently there was a sharp loss in weight. Following this there was a dow gain in weight, although 
pronounced symptoms of polyneuritis were present continuously and included head retraction, 
spastic gait and marked excitation. This latter manifested itself in the animars frantic circling 
of the cage whenever there was movement or noise in the laboratory. Four weeks later (the end 
of the eighth week of the experiment) the axdmal died in convulsbns. 

n. Protocols of animals showing typical subacute or chronic polyneuritis. 

Rat L1Z9. Xljljn Put at 28 days of age on the same basal diet, de^ed as devoid of aati- 
neuritkvitaitiin, plus 0.200 gnun yeast six times weekly. 1/4/28 Head retracted. 1/9/28 Spastic 
gait, head retracted. 1/13/28 Cartwheel turning, drags hind leg. 2/3/28 For past five weeks 
animal has showed continuously the classic syn^toms of polyneuritis, spastic gait, head retraction 
and convulsive seizures when handled. Chloroformed. 

IRat 23065. 12/12/27 Put on the same basal ration plus the extract from 0.400 gram yeast 
three times weddy. 1/19/28 Polyneuritic. 1/30/28 Very weak and sick, partly paralyzed. 
2/6/28 Condition improved, more lively, better control of movements. 2/13/28 Paralytic 
seizures when handled. Chloroformed 

Discussion and Conclusion 

This subacute or chronic type of polyneuritis has seemed of particular 
interest. Vedder and Clark* in 1912 described a similar condition in fowls 
and their findings were later confirmed by Weill and Mouriquand.“ 
Recently Random and Lecoq” reported a similar condition m a pigeon 
receiving an amount of vitamin insuflicient for full protection. Hofmeister* 
described this subacute type of polyneuritis, and, as in the present study, 
found the condition associated with shortage rather than complete ab- 
sence of the antineuritic vitamin. The present work confirms that of 
Hofineister and extends it somewhat in showing a definite gradation of 


' Vedder, E. B., and Claric, E., A Study Polyneuritis Gallinantm: A Fifth Contribution to 
Etiology of BeribnL PUlipphe,Jatir.ScL,SKt.'B.l9i2.ta,^, Gtedby Funk, C.,The Vita- 
mioea, 1922. 

” Weill, £., and Mouriquand, G., Experimental Oimnic Berib«ii Syndimne. Cmpt. rmi. 
m. hid., 1918, UDoa, 423. 

u Kanddn, L., and Lecoq, U. R., Polyneurite et Scoibut Chronkpies. BM. me. ddm. bid., 
11^7, IX, 913. 
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symptoms correlated with the extent of the deficiency of the vitamin in 
the food supplied. 

It seems probable that the irregular appearance of symptoms in earlier 
experiments was due to differences in the basal diets used and to the failure 
to recognize the need for inclusion of the heat-stable vitamin G. Results 
secured in the present study leave no reasonable room for doubt that the 
rat is sensitive to the specific deficiency and will develop well marked 
symptoms of polyneuritis, with sufficient regularity to be a valuable aid 
in determining the extent of the deficiency in antineuritic vitamin to which 
the animal is subjected. 





FURTHER EXPERIMENTS ON THE INFLUENCE 
OF FOOD UPON LONGEVITY* 

By H. C. Shebman and H. L. Campbell 
{From the Department of Chemistry, Columbia University, New York) 

Received lor PablicaUon— October 2 , 1929 

T EiE available data regarding noteworthy cases of longevity in man 
have given the impression that this depends almost entirely upon 
inheritance. The limitations of the method of investigation in such cases, 
however, may quite conceivably have tended to obscure or minimize the 
importance of food, and perhaps of other factors. In compiling the avail- 
able facts regarding a person who has attained to great age, the ages reached 
by parents and grandparents will usually stand out as clear-cut quanti- 
titive data; while it will be quite impossible to obtain equally clear-cut and 
quantitative data as to the food consumed throughout a life-time. 

This latter factor can, however, be studied experimentally by the use of 
such a laboratory animal as the rat; and the suitability of this species for 
use in studies of nutritional problems of human importance has been fully 
discussed by Osborne and Mendel (1), while further evidence is zdlorded 
by the work of Folin and Morris (2) which showed close similarity of the 
end products of metabolism in the two species. 

McCollum and others (3) have repeatedly shown that the normal length 
of life of experimental animals (rats) may be shortened in almost any de- 
sired degree by dietary deficiencies of varying degrees of severity. 

Our own problem has been to determine whether, starting with a food 
supply and nutritional condition already adequate and normal, it is pos- 
sible by improvement of the food to induce a definite increase in longevity. 

In the present experiments the original diet (Diet A) consisted of a mix- 
ture of one-sixth dried whole milk and five-sixths ground whole wheat, 
with table salt and distilled water. Families of experimental rats are still 
thriving after 21 successive generations on this diet. This is probably an 
unprecedentedly rigorous test of the adequacy of a food supply and shows 
beyond question that this original diet was certmnly adequate. 

Simultaneously, parallel lots of animals, of the same heredity, have been 
fed ariiet differing only in that the proportion of milk powder in the food 
mixture was increased to one-third (Diet B). 

While Diet A was deatfy adequate. Diet B proved to be better, and 

* Publiibed M CoittiibtttioB No. 618 from the Dq^utment of Chemistiy, Coliunlm TTniver- 
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induced, in addition to other evidences of improved nutrition (4), a 
decrease in infant mortality and an increase of ten per cent in the average 
length of life of the adults. 

The two groups of animals, which as already mentioned were of the 
same heredity, were kept under identical conditions in all respects except 
for the difference in food. The higher proportion of milk in Diet B means 
chiefly, in chemical terms, a richer intahe of calcium, of vitamins A and G, 
and of certain of the amino acids. Experiments designed to determine to 
which of these chemical factors the increase of longevity is attributable are 
now in progress but not yet sufficiently advanced to permit of final con- 
clusions. From the results thus far obtmned it seems probable that the 
increased intakes of calcium, of vitamin A, and of vitamin G may all have 
contributed to the higher degree of health and the increased length of life. 

That the increase of longevity was real and not accidental is made clear 
both by simple statistical treatment of the data and also by grouping them 
in such manner as to afford a series of comparisons (of the animals on the 
two diets) in terms of the percentages attaining to different degrees of 
longevity. The evidence as assembled in these two wa 3 rs is briefly summar- 
ized in Tables I and II, respectively. 

A part of this evidence was presented in a preliminary report of about a 
year ago (5). Since that time the numbers of animals compared have been 
considerably increased and the findings have become more concluave. 


Table I 

CoupAxisoN or Longevity or Rais on Dais A and B 



Diet A 

DietB 

Diffewace 
of Length 
of life in 
Dayi 
64±11.7 
66±11.2 

Males 

Females 

Number 
of cases 

135 

196 

Average Length 
of life 
in days 

571 ±8.0 
603±8.0 

Number 
of cases 

124 

163 

Average Length 
life 
in days 

635 ±8.5 
m±i.s 


llie average lengths of life and the differences of these averages, as 
given in Table I, are followed by estimates of their probable errors com- 
puted in the usual manner. While it is true that such computation is based 
upon an assumption of symmetrical frequency distribution and therefore 
may or may not be precisely accurate for data of this particular kind, yet, 
infunnuch as these data belong to the category of natural phatomena to 
which, according to Reitz and Hitchdfl (6) the usual calcukrions of prob- 
ability may normally be e;q>ected to be applicable, there is good reasem 
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to believe that the quantitative relations thus computed are at least 
approximately correct. This being the case, and the increase of longevity 
being 5.6 and 5.9 times its probable error, for males and females respective- 
ly, it follows that, speaking mathematically and from the standpomt of 
this mode of interpretation alone, the chances are about ten thousand to 
one (10,000:1) that the increase in longevity here found is a true differ- 
ence due to the food, and not an accidental difference nor due to unknown 
causes. 

The findings are established with still greater certainty when our basis 
of scientific judgment is broadened to include a further consideration of 
the data from the point of view summarized in Table II. This makes pos- 
sible a series of nine comparisons, and in every one of these the greater 
longevity attained upon Diet B than upon Diet A is clearly apparent. 


TabixII 

iNTiDEKce or Food Upon AnAiNiiEMT or Depiniix Ages 


Percentage of Lives 
Longer Uian: 

600 days 

Males 

Females 

On Diet A 
42.9 

On Diet B 
65.3 

On Diet A 
54.1 

On Diet B 
73.0 

700 days 

14.8 

32.3 

27.6 

43.6 

800 days 

2.9 

10.5 

12.2 

15.9 

900 days 

0.0 

1.6 

2.6 

5.5 

1000 days 

— 

— 

mm 

1.2 


Hence it may be regarded as established beyond any reasonable doubt 
that, starting with a diet which is already clearly adequate, it may still 
be posdble to induce a very significant improvement in longevity by enrich- 
ing the diet in certain of its chemical factors. 
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Editorial Review* 

BIOIXK5ICAL VALUES AND THE BEHAVIOR OF 
POOD AND TISSUE PROTEINS* 

I ONCE read, somewhere, |of' [two IwandererSjloae'alGennan, who came 
to a fork in their road. To the left the arrow read, “To'Paradise”; to 
the right, “Problems on Paradise.” The German, naturally, chose the 
latter. 

Consistently following this national characteristic of the Germans, 
I must not be expected to give a detdled summary of the biological values 
of all possible pure proteins, or of the synthetic and naturally occur- 
ing protein mixtures; or of the practical results which ^ave been achieved 
through the knowledge of these facts in the nourishment of sick and 
healthy persons, in the breeding of domestic animals, and in the produc- 
tion of milk, meat, eggs, etc. 

I. Biological Value or Food Protein 

I would rather discuss the methods employed in the determination of 
biolopcal values and stress particularly the individual factors which 
influence the practical value of a protein. In this connection, I wish to 
criticize the methods. The one method which uses the nitrogen equilib- 
rium (balance) experiment, I should like to call the analytical method. 
By means of this method determinations on human beings can be carried 
out. The other makes use of an artificial diet consisting of pure nutritive 
elements, with which small experimental animals are kept alive or in a 
growing condition. I should like to call this latter method the synthetic 
one. 

The synthetic method gives us a definite answer to the question whether 
the protein is useful or not and permits an approximate measure of the 

* TIm writer, ftvfmot K*rl Thomat, was for maoy yeara aaaodated witli Profmor Max Rubner ia the Hysienk 
Laboimtofy and later ia the Phyaidogica! laatitote at the Uaieeralty of Berfia. He waa for three yeaia Aaaiataat ia 
Chtaiietiy at Ttibiagea and made hia habiUutioB for jdtyaiolQgy at Greifawald with Bldbtrea ia 1912. He returned in 
19S9 toBerfia where he waa fa chant el theXaiaerWnhelmLalMratery for Arbrita-Phyriolofie vader the general direc- 
tloa of Prof.Rttbaei* Siaeel9211>r.Thoiaaa haa beeaProleHor olPhyaiolegical Chemittry at theUniveraity ofLeiiMsig, 
ahatfng the chair originally oocaided by C Ludwig. While ia Rahner'a laboratory Dr. thomaa introduced a method 
for egtabWihiig the tfologioM value of dMefiat proteina. With himadf aa lahlect, he atached the effecta on nitrogen 
eacrotioa of ingeitiag difiereat protein fooda, in compariaon with a diet containiag no protein. From thcae reaulta he 
waa able to give iHtmerlealvaliim to different kiada of protda. Thla conception of biological value depeading oa com- 
perithm haa haooeat thbaoiighly ceUfaffahed la the ph y riotogk^hteimtore. Prof. Thomaa aho haa Wtributed fanpor* 
taatfcaeardbcalttintetmedaiy amtaholiam»aachaatheaignlficaareof creatin and the beta-oxidation of w^aaino fatty 
adda. BehaaaouglffiBtnaayftadieatoaMhethemithedaofayBtheticorgaaicehemiatfyaervioeabletothephyaiokiy 
of Mgtahctoa. With Iamip of TnhNpai hela now editor of the wett-knowa Hoppe-Seykr^t Zdtachrift fttr Phyrioiog- 
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usefulness through a comparison of tlie amounts of various proteins 
necessary for maintenance or growth. 

With the nitrogen balance method, on the other hand, the research 
worker obtains more nearly quanritative results, rince its basis is the 
definite bodily requirement which Rulmer has called the wear and tear 
factor. 

What is it that is designated as the practical or biolo^cal value? I can 
explain it perhaps most simply by means of the figure on page 421. I plot 
the grams of nitrogen which express the bodily requirement on the ordinate 
0-C; on the abscissa I plot the diet nitrogen. Through C a line is drawn 
parallel to the abscissa on which I plot the nitrogen excreted, E, Ei, E*. 
When we have nitrogen equilibrium the connecting line between the end 
points of intake and excretion E-I is at right angles to the abscissa and 
parallel to the ordinate. When the balance is positive, then this connecting 
line Erl leans to the left, toward the ordinate; when it is negative, E*-I 
leans to the right, away from the ordinate. 

The least nitrogen with which I can achieve a balance just manages to 
cover the nitrogen requirement; 100 X tan a expresses the relation in which 
the diet nitrogen can replace the requirement; in other words, the biologi- 
cal value. If the food protein is exactly equal to the body protein destroyed 
in katabolism then we have 0-I“C-E“0-C 

«« island 

lOOXtana-100 

Let us study this picture still further. The distance 0-C represents the 
need of N on a diet which consists mainly of carbohydrates and contains 
no protein. The entire requirement must then be cared for by the body's 
own nitrogen; the protein catabolism under these circumstances being 
the lowest possible. Although I am not convinced that the N excretion 
actually represents the protein metabolism imder the circumstances 
of the nitrogen minimum, nevertheless we judge the protdn requirements 
by the N excretion in the usual manner. 

Is the distance 0-C really constant? It cmmsts of three con^ponents: 
The urine N (u) the feoes N (f) and the N whidi leaves the body by means 
of the skin. The last of these cannot always be neglected. When, for in- 
stance, in the case of heavy phyncal labor, the sweat ^ands are more 
active, it is posrible for the sweat to contain 0.2 gm. more N per hour the** 
when the body is at rest (F. G. Benedict, 1906). One mui^ bear m mind, 
however, that this amount rises and falls only in ^rect propmtion to the 
rise and fall of the N metaboHsm in the enrire bo^. At the kvdi of the 




Mtr., 1930 


KARL TROUAS 


421 


N minimum it may be neglected, since it amounts only to 0.13 gm. per 
day (Thomas, 1910). 

The feces N (f) is present not only on the ordinate as part of the 
N requirement, but on the line parallel to the abscissa as part of the N 
excretion. It consists of two parts; 1st, the exogenous portion, derived 
from the protein intake, and 2nd, the endogenous portion derived from 
the secretions of the gastro-intestinal glands. Both are variables, and are 
dependent upon, 1st, the kind of food protein, and 2nd, on the character and 
quantity of the ingested food as a whole. In the N minimum experiments, 
which I conducted, the ingested N was kept at an approximately constant 



Fibubs 1. 


quantity. In addition to this precaution, the foodstuffs that were absorbed 
with difficulty could be avoided. 

The excretion C-E must, naturally, be entirely free of N-containing 
residues from previous protein-rich diets. These must be removed by a 
sufficiently long preliminary period. To this end a week at most sufficed, 
as I proved on myself, and as was later shown by Martin and Robison 
(1922) in detailed observati(ms. Only in the case of very great over- 
feeding of protein does the return of excretion to the wear and tear 
quota require a tonger time (as much as 2-3 weeks) (Thomas, 1910). 
This is probably due to the fact that under the circumstances not only 
is a rmnoval of N residues involved, but also a complete destruction of 
piotm reserves. That which finally remains in the tissue as extractive N 
isnc^rniduebut, according to Mitchell, Nevens and Kendall (1922) a 
dkffinite compmimit of the organism. 
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Thus far we have been con^deiing only the katabolism of body pro- 
tein in the case of protein starvation, in other words, the nitrogen re- 
quirement. We, have, after a fashicm, concerned ourselves only with 
the ordinate. Let us now turn to the abscissa. In any experiment to 
determine the biological value, the body requiremmt should be just 
balanced by the food protein. I must, therefore, achieve a minimum 
under the following conditions: 

1. Nitrogen equilibrium, or balance ±0; that is, when I-E is at right 
angles to he abscissa. This is important, for in the case of a negative 
balance when the body contributes protein of its own, it is possible that 
that protein will be the one most necessary and least present unit — ^in other 
words, the line E-E* represents nitrogen of a new quality! The body can, 
perhaps, to a certain extent, do without one or two of the important pro- 
teins. On that subject we cannot say anything definite because we do not 
know enough about the composition of the protein reserve. If the above 
mentioned possibility should arise, then we have the case of a less impor- 
tant protein taking an important part. But this is possible only for a lim- 
ited, short time. It is out of the question for any longer period simply be- 
cause it would then be necessary for the remaining body protein to take 
on a different constitution (Neubauer, 1929). 

2. The lowest possible N balance. How shall I accomplish this? I 
move from the left along the abscissa, that is, I use too little food pro- 
tein so that the balance is negative. I then add protem daily in small 
amounts until the connecting line E-I is at right angles to the abscissa. 
This method is better than the one involving a start with a larger amount 
and daily decreasing the intake. The danger of protein residues remaining 
is too great. How is it in the case of such incomplete proteins as gelatine? 
I intentionally did not study them. In that case O-I would be » and tan- 
gent a then“0. Robison (1922) later confirmed this theory on himself. 

3. The length of the distance 0-E depends also upon the speed of ab- 
sorptbn. The proteins are not suddenly and completely split into free 
amino acids in the gastrointestinal tract. This takes place in st^s as has 
been shown by artificial ferment hydrolyses. Therefore, every moment 
sees a different ndxture of amino adds absorbed, or, in other words, a 
protein of a different biological value. This, however, is minimised by 
the action of the pylorus whidi permits the passage of food mily in sm^l 
portions. Thus, as the most difficultly split acids are set free, and almoibed 
only in the lowest porticm of the ileum, we have at the simie time an ab- 
sorption of the more easily set free MidB, item a portm paadng later 
throu^ the pjdorus, in the duodmum and upper jejtmuim All tlb 
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amino acids, which are absorbed at the same time, meet again in the portal 
vein. The proportions of the amino acids to each other are not changed 
by the slow absorption of some of them, except perhaps slightly at the 
beginnmg and at the end of the process. The amino acids in the diet 
should take care of the body’s requirements for a period of 24 hours! 
The question is whether this requirement shows a regular daily variation. 
Perhaps only a deviation for definite amino acids? The possibility is 
logical; we know nothing of the facts and are at present in possession 
of no instrumentality which will make the point clearer. 

Do the absorbed amino acids cover the need of the last few hours of the 
day? Ordmarily yes, simply because we invariably consume more protein 
than we require. The question is whether this is also the case in the small 
amounts involved in our minimum. Of that we are not certain. I have 
therefore distributed the feeding of the protein over the entire day. In the 
case of many, especially plant foodstuffs which require a longer time for 
mastication and digestion, this is taken care of automatically; but with 
such rapidly absorbed foods as meat, milk, etc., one must attain this 
advantage through fractional feeding. 

The ability of the liver to store protein must also be considered in this 
connection (Grund, 1910; Berg, 1922, 1926). 

We have now discussed all the theoretical difficulties which lie in the way 
of the determinaton of the food value of a protein. I can, perhaps, sum- 
marize them best in the words of Miss Jordan Lloyd, a student of Sir 
Gowland Hopkins. She says “ The idea of expressing the value of different 
food proteins on an arithmetical scale is theoretically sound, but the practi- 
cal method by means of which these values are to be obtained have been 
the subject of much discussion.” I will only briefly present the following 
extracts from my results. 

The proteins in potatoes fulfill our needs better than those in bread; 
finest wheat flour contains a less important protein. In contrast, milk 
presents a very important product, not only to fulfill the requirements of 
addition, but also those of turn-over. That need not astonish us, when 
we recollect that in the case of the rapidly growing calf the turn-over or the 
wear and tear quota comprises an appreciable portion, more than half, 
of the entire required protein. Milk is also probably better adapted to 
the needs of the grown-up than meat. Muscle meat represents only a single 
organ adapted to a definite function and requiring specific protein ma- 
terial; the wear and tear quota represents, however, the common wastes 
of all the organs of the body. Later workers have confirmed these results. 

1 be&ve I have now covered everything on the N balance method for 
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the detenainatioa of the bidopcal value of the protdas, at least eveay* 
thing that can be called a definite leault. We have in addition criticiaed 
and, I trust, objectively, the znethod in all details. I diould now, however 
like to call attention to two addtional points. 

First, to the fact that comparatively few studies have bemi made where 
this method has been used. Very often, and especially here in this country, 
protdns have been examined only in rat-feeding experiments or, in other 
words, by the ^thetic method, as 1 called it, in contrast to the analytical 
or balance method. Why is this the case? Martin and Robison write 
that the N balance type of experiment seems simple, but is not so in factl 
They are right indeed I Accurate N minimum experiments can rarely be 
carried on for a sufficiently long period. It is posable with bread, potatoes, 
rice, com and similar food stuffs, which are naturally of hi|^ starch con- 
tent, but not with a diet which consists mainly of the unappetizing pure 
starch, milk sugar and cane sugar. I am more firmly convinced to-day, 
than twenty years ago, that the N-free control diet is necessary but that 
we can supplant the sugar to a great degree by pure fat and thus achieve 
a more tasty and varied diet (Zeller, 1914; Murlin, 1907). 

The ^thetic method presents the advantage that experiments can 
ea^y be carried out for any length of time and that the proteins can be 
tested on growing as well as grown animals and in addition on a large 
number of animals. The results |^ve therefore good average values. Still 
another advantage is the fact that the long-continued experiments, which 
often require a great deal of expensive pure proteins can be carried out 
by the use of small experiment^ animals. The disadvantage lies in the 
fact that in lengthy experiments vitamin preparations must be admin- 
istered which are not entirely free from protein or amino acids. 

Secondly, 1 should like to point out that I have not myself carried these 
experiments further — I do not know whether uiyone has noticed it; 
I never found any indication to that effect in the literature! This, however, 
seems to me to be the proper time to ezplain myself. The nitrogen balance 
methml has a purpose when one desires an arithmetical expr«udon for the 
Mological value of a protein; the synthetic method yields merely approxi- 
mate comparative values. But the arithmetical value can very easQy 
vary by the addition of small amounts of any of the rarer proteins; or, 
differenriy cjpressed, the value changes notiaably when a less impor- 
tant protein is comjdetMi 1^ the additbn of some ot^r one. In the mean- 
ing of ** completion” we can already m the posrilffiity d two very unim- 
portant and valueless protons combining to f<nm a mixture of exbcem^ 
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hig^ value. Hiat was deariy shown through the beautiful experiments of 
Osborne and Mendd (1915). Gliadin alone does not produce growth in 
young rats but can keep them at constant weight. Gelatine cannot even 
produce these results. The two together, however, guarantee excellent 
growth. All that was necessary was the enriching of the almost lysin-free 
gliadin with the relatively lysin-rich gelatine. The enriching of white 
wheat flour with powdered milk, as performed by Sherman (1924) is 
another example. There are many similar combinations. It should be 
mentioned that the natural foodstuffs never contain only one single pro- 
tein. In milk, casein is enriched by lactalbumin; in bread prolamine by 
glutenine. You can see, therefore, that while the physiologist might be 
interested in determining the biological value of any single pure protein, 
the hygienist, who must deal with the practical side of the question, must 
bear in mind that the value cannot be obtained from the sum of the values 
of the individual components of the diet, but rather, the value miist be 
experimentally determined for each different diet. The human, moreover, 
changes the nature of his diet from day to day. Average values for him 
arc out of the question. It is quite another thing in the feeding problems 
for domestic animals. In this case such experiments have a real practical 
value and have been thoroughly studied here in the United States from 
the viewpoint of national consumption and national development. 

I should like to compare the numbers indicating the biolo^cal values 
of proteins with the numbers well known as the fat constants. Both num- 
bers are of practical value; they help in scientific research work, but they 
are not a part of it. 

What we need to know is: 

1. Which amino acids must be present in the food, 

2. How much we require of each, 

3. And to what purpose. 

These questions deal with the carbon skeleton of the amino adds, and not 
with their N content. TTie N is the least important of the elements com- 
posing protein. Because of the ubiquity of the Kjeldahl method and the 
lack of methods to determine the different carbon skeletons, we deal with 
the N; but we shouldnot do so. Armed in the future with knowledge of the 
behftvior of the ciubon skeletons we shall be able to calculate the value 
of every protdn mixture as it occurs in a diet. The duty of the sdentist is 
to fiuidsh the fundamentals to the practitioner, and to make certain of 
these fimdameBtals is in particular the duty of the physiologist. 
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II. Behavior of Food and Tissue Protein in Metabousk 

The idea of “food protein” must apparently surrender to the name 
“amino acid mixture”. Does the same apply to the idea of “tissue protein”, 
that is to say, are the katabolic processes the same in both cases? I am 
using the term tissue protein to cover the protein of the living substance of 
all tissues. This excludes all of the “dead”, enclosed, reserve material of 
the cells as, for instance, all of the extractives and excretions and inter- 
mediary products between the cell walls. 

As food protein we must include all those amino acids which do not 
serve for replacement in the wear and tear factor or, in other words, 
that portion which we labeled as superfluous. 

These amino acids are deaminized. The N-free carbon chains are either 
further synthesized or stored as sugar or, under special circumstances, 
are excreted as acetone or completely oxidized. 

The deamination belongs to the first processes in katabolism and takes 
place in the liver (Mann and Magath, 1924). 

Let us follow the process of deamination in single steps. It proceeds 
either by means of oxidation or reduction, as has been shown by Knoop, 
Dakin, Neubauer, Embden and Wieland. We can write the formulae as 
follows; 

COOH COOH 

NH, -» C»NH 



According to Dakin (1926), however, we can also write the reaction 
thus: 

COOH COOH COOH COOH 


CHNH, 

(!;h, 

i 


CHNH, 


i 


HOH 


C-NH, 

CH 

R 


C-NH 

R Imino add 


At this pdat one must recollect, however, that a-amino, fJ-hydioxy 
adds have never been isolated as free adds hut always as a comptmoit iri 
protein. Be that as it may, the important fact is that the {mine «cid k an 
intermedate product in both cases. 

What is the next step? Does the deasninatkm by hydidyds coane first 
and is then fdlowed 1^ the loss of carbonic add, or (to the §tep§iMkt 
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place in the reverse order? Or perhaps, as a third possibility, simultane- 
ously? 

Until a few jears ago, it was believed that only the alpha keto adds 
were the first intermediate products, for these acids probably often 
resulted in the katabolism brought about by yeast. In normal as w ell as 
abnormal conditions of metabolism of animals and humans we have a 
complete parallelism between them and the respective amino acids, and 
this is true moreover of foreign as well as of native amino acids. By the 
feeding and blood perfusion of foreign amino acids it has been possible 
to isolate, and very often in large amounts, the respective keto acids. 
In spite of this it is my opinion that these are only probable proofs and 
that one must be extremely careful in the biological sciences in drawing 
analogies from such results. For perhaps the keto acid can only be iso- 
lated, or possibly occurs only, when the work is carried out under unnatu- 
ral conditions with a carbon skeleton foreign to the body and with a sur- 
viving, that is to say, a dying organ, or by flooding of the animal body or 
the yeast cell with the amino acid under conditions which would never 
occur naturally. 

I should, therefore, rather draw the conclusion that only under these 
unnatural conditions does deamination precede decarboxylation. We can 
draw no conclusions as to the normal procedure from these experiments. 
Wieland and Bergel (1924) oxidized the amino acid catalytically with 
pulverized palladium and animal charcoal. Under these circumstances 
decarboxylation preceded deamination, so that aldimin occurred as an 
intermediary product. They bring up the question whether the katabo- 
lism in the animal body does not also take the same course, but they feel 
it is not to be answered by analogous experiments with biological materials. 


COOH I 

I^IH 

|. NH I H 
CH, I 


R 


•f H acceptor 


COOH 

I 

C-NH 

CH, 

I 

R 


CO, 

HC-NH 

I 

CH, 

R Aldimin 


It is also possible for deamination and decarboxylation to occur simul- 
taneously after the manner of the splitting off of cyanic acid. 


COOH 

(!-NH 


HN»C«0 

+ 

HC-0 


R 


R 
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These deductions help renew the <dd hypothec of F. HcMhneister concern* 
ing the oxidative urea formation. Fearon (1926) supplied the new equa* 
tions using the work of £. A. Werner on the constitutim of urea as a basis. 

According to this theory the carbanud form 0»C does not exist, 

^NHj 

..'NHi 

but instead a cyclic add HN • ^ in which the cyaaic add is already 

formed. Thus we apparently must return to the 100-year old Wbhle^ 
urea syntheds; Hqppe-Seyler and Salkowski permitted it to stand as re 
gards the animal body. Frankly, cyanic add has never been definitely 
proved to be present in the blood, opposing Montgomery’s view (1925), 
and what is more, it cannot be so long as the methods in use remain as in- 
complete as they are to-day. 

To sum up; the main process involved in the catabolism of the super- 
ftuous, ingested amino acids is the building of fatty acids with one less 
carbon. Oxidation, deamination and decarboxylation are three steps of a 
chain reaction. In my opinion, the shortening of the carbon skeleton 
ri^t at the beginning is of great biological importance. Only this process 
renders it impossible for the carbon reddue to be used in the synthetic 
preparation ot amino adds. The amino acid is thus completdy removed 
from the intermediary protein metabolism. 

The nitrogen, to further develop these ideas, plays a special part because 
it is the presence of the amino group which diverts the entire amino add 
to that place where it may be used. That is to say, to the point at which a 
defidency has arisen through the wear and tear of the tissue protein and, 
moreover, where the deficiency can be corrected only by that one amino 
acid. The amino group, therefore, protects the entire acid from being 
split up outdde of the liver, at least in mammals. In the dog wUch has 
had its liver removed, the amino adds, according to Mann and Magath, 
pile up in the blood. In birds ammoma can be ^t oS even when the 
liver is misdng (v. Falkenhausen, 1925), and the liveriess frog can even 
go so far as to build urea from the iplit-off ammonia (Nonnenbruch and 
Gottschalk, 1921). 

TTiere are, naturally, in connection with this main process, other ptoc- 
esaes. This is perhaps shown by homogentisic add formed from the 
oxidation of the benxene nuckus at tyirosin befme or together with the 
shortening of the nde-chain, in the case of the alcaptonuric patient. 
Hdmu^ioiti^ add may also be a regolar intermediate product in the 
healthy individual AnotbAr exaihpie is the afqpeuance of kynuienic 
add in the urine of a raMdt whi^ had been vdth ttyptophaoe 
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(Matsaoka and Yoshimatiu, 1925). Also tyrounaseosdizes free tyrosine 
to melanin (Raper, 1926, 1927). Thus we see that for the most part 
the superfluous, free amino adds are shortened and deaminized and tibeir 
carbon skeleton remainder is utilized. 

We turn now to a consideration of the metabolism of tissue protein. 
The protein amines are formed by means of decarboxylation. The camo- 
sin content of the musdes is not affected by the protein content of the 
food. Camosin is present in different, but always constant amoimts, 
depending upon the species and kind of muscles (Clifford and Mottram, 
1923). Thus, in order that camosin may be formed directly from food 
protein, histidyl aspartic acid must be preformed and this must be 
absorbed in the form of an asparagyl-histidin, a supposition which is 
highy improbable. 

COOH COi+H 

c!hNH- COCH,- CHNH, 

1 

CH, 

C— N«« CH Formation of Camosin 

II / 

CH-NH 

We do not know how creatinine is formed, but we do know that it is 
not formed from free arginine, even when the arginine is administered 
subcutaneously, thus avoiding the arginase-rich liver and reaching directly 
the arginase-free muscles. The small increases in creatinine excretion 
which Thompson (1917) claims to have obtained are not very convincing. 

Epinephrin has never been obtmned by the addition of tyrosin to a 
suprarenal press juice, nor even by the perfusion of the glands themselves. 
By means of proper stimulation it is possible to extract the already formed 
and stored epinephrin from the ^and and thus weaken the pyro-catechin 
reaction of the medulla (Anitschkow and collaborators, 1928, 1929). 

Other naturally occurring amines have been found in appreciable 
amounts only in certain organs (hypophysis). Thb certainly does not 
indicate that thqr have been formed through bacterial activity, or that 
tlmy are merely accidental components of these organs. The fact that the 
amounts are so small, mi^t be explained, by the ease with which they 
can be orddiaed to fatty adds and then further broken down. The betam 

COO 

Betaln 
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content of the ocnnsnon beet did not increase, no matter bow mttch .|^ydB 
was introduced (Ackerman, 1913). Y-butyric-betain is regulaiiy foimd in 
the urine in the case of phosphorus poisoning as is also carnitine, 


COO — , 

I 

CH| 

(!hoh 

CH, — N(CH,), 
Carnitine 


the betain of the y-amino-fi hydroxy butyric acid. The mother substance 
of both of these may be glutamic acid or proline and its respective oxy-acid. 
Both amino acids on the other hand, when free, are converted to urea. 

From such observations 1 conclude that the breaking down of tissue 
protein proceeds in a different manner from that of the food protein. 
Compactly expressed, we can say that in the case of the food protein 
there is first digestion or hydrolysis and then oxidation or assimilation; 
in the case of the tissue protein there is first a transformation and limited 
oxidation and then a separation of the single building stone from the 
complex protein molecule as in the case of betain, or of a dipeptid in the 
case of camosin, or of a tripeptid in the case of glutathione. An idea of 
Hofmeister’s is that the peptid is to a certain extent a glycin chain and 
that the organism may obtain such extraordinary amounts of glycin as 
are found, because the side chains are orddized away and the remaining 
glycin chain breaks up. 

I have more precisely characterized the idea which Folin evolved, name- 
ly, that the exogenous portion of the protein metabolism results in other 
residues in the urine than the endogenous portion. 

As furtirer experimental support of tMs idea, I have requisitioned 
cystin. According to Folin the neutral sulphur in the urine is an end 
product of the endogenous metabolism. Cystin furnished in the diet is oxi- 
dized to sulphuric acid, even under the conditions of the nitrogen mini- 
mum. In t]m case of the cystenuric patient it is possible even under these 
conditions to isolate small amounts of cystin in the urine. Often these 
traces disappear. They rise and faB with the increase or decrease d the 
ingested amounts but do not parallel them, the cystin disappears ficom 
the urine only, however, on the addirion of la^e doses of sodium bicar- 
bonate, and , therefore that pmrtion of the neutral sulphur triiich is not 
free csrsrin, is mcreaaed. 
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Cystis is set free in tlie case of a healthy person. For the hair continues 
to grow under the conditions of a protein-free diet and contains, as we may 
freely assume, according to Abderhalden, its normal cystin content. An 
interesting and suggestive observation on molting hens has recently been 
reported by Ackerson, Blish and Mussehl (1926). On a N-free diet molting 
hens break down tissue protein in order to buOd up the new feathers. 
Small amounts of cystin prevented this breakdown to a certain extent. 

The cystin metabolism of the liver also continues unchanged. In work 
of our laboratory, not yet published, Mr. Mukoyama found taurocholic 
acid unchanged in N starvjCtion experiments covering a long period of time 
and thus confirmed the results of Whipple. Mukoyama was even able to 
increase the taurine content of the bile with the aid of cholic acid (very 
much at the beginning and then less so) and after exhausting in this way 
the amount of cystin stored, could produce taurocholic acid formation 
from taurine and cholic acid fed at the level of the N-minimum. From 
Bergmann’s experiments we knew that cystin was the mother substance 
of taurin but he did not clearly show whether free cystin could be em- 
ployed for this purpose. It might have been possible that it had at first 
become a part of the liver protein before it could be drafted for this 
purpose. We do not need Mukoyama’s experiment to convince us of these 
results. Taurocholic acid may be, therefore, an example of endogenous 
formation of a free amino acid. The two-fold origin may be indicated in 
this manner; 

Food Protein-^cystiu which in the presence of cholic acid yields 
^ taurine, especially taurocholic acid. 

Liver Protein 

In the case of N-mmimum, however, C 3 rstin seems to be only locally set 
free, since none is found in the circulation. None can be held there with 
the aid of monobrombenzene and thus be brought as far as bromphenyl- 

COOH 

CHNH— COCHi Brom-phenyl Mercapturic Acid 

CH,-S~C,H«Br 

mercapturic acid. It is of no consequence whether brombenzene is ad- 
ministered by mouth and cystin into the intestine or vice versa (Kapfham- 
mer, 1921). Cystin cannot be here replaced by any other sulphur-a>ntaining 
compounds (Huldoon, Shiple and Sherwin, 1924). 

Intestinal putrefaction on a N minimum diet is greatly depressed 
thiOB|^ active caihohydmte fermratatiem. In spite of this, we find no 
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disappearance 6f the aromatic hydroxy acids in the urine. But, according 
to Abderhalden (1912), fed tyrosin is completely oxidized even in larger 
amounts. We have here an indication that tyrosin is not a step in the 
intermediary metabolism of the tyrosin complex in the tissues. We know 
the end products of the suprarenals and thyroid glands, epinephrin and 
thyroxin, and we know from the ^captonuric that relatively very little 
homogentisic acid is derived from the endogenous protein metabolism 
(Katsch, 1918, 1920; Neubauer, 1929). It is possible, as Neubauer thinks, 
that since little tyrosin is present in such cases, that which is present 
is used for more important purposes; but it may also be assumed that the 
tyrosin is separated in a form which is no longer capable of being oxidized 
to homogentisic acid. 

As a third building stone, 1 should like to introduce arginine. It also 
yields proofs that it is broken down differently when it comes from 
tissue protein than when it is fed in excess. Arginine is considered to be 
the mother substance of creatinine. According to the usual scheme of the 
breaking down of amino acids, the intermediate steps in its breakdown 
should be y-guanidine-butyric acid and guanidine-acetic acid. Or in 
case the methylation takes place immediately we would have 5-methyl- 
arginme and y-methyl-guanidine-butyric acid. None of the aforemen- 
tioned substances, however, yields creatinine in the animal body. The 
only probable one is guanadine-acetic acid which Jaffe has reported. 
But one must not conclude from this that it represents a normal inter- 
mediary product, for its methylation takes place only to a small extent, 
although the animal body is capable of methylating other substances 
foreign to it. Moreover, the guanidine acids are difficultly soluble sub- 
stances and show an entirely different chemical behavior from arginine. 
For that reason Kapfhammer, Flaschentraeger and I (1922) developed 
the synthesis of d-methyl-arginine. 

H,NC(NH)NHCHr€OOH 
• Guanido acetic acid 

H,NC(NH)N(CH,)CH,- CH,- CH, CH(NH0COOH 
d-Methyl-arg^nine 

The fact that this prodddt alsb, whicb-differs 6nfy so sHg^tfy fttim 
nine, gave no creatin, suriaised us more than, that ThompstlHi was abte to 
prepare creatin fn»n arghune and ^o^cal methylatidn agents* Hie 
inethjd arginine was not all IxRdcai dotm but was tound excreted ki 
the urine cmnpletely undianged. 1 oonduffiii finto this that riie 
hdiavM rinulatity to the aromatih aadno adds. Iik case the poiety 
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oxidation must take place before the breaking down at the alpha C atom. 
In the same manna*, the arg^nase must first split the guanidine moiety 
so that then it is pos^le for the ornithine to go over into sugar in the 
liver perhaps by way of 7 - 8 mino-butyric acid (Felix and Tomita, 1923; 
Corley, 1926; Keil, 1927). The methyl group hinders the splitting action 
of the argmase. The further breaking down in the liver is consequently also 
depressed and the substance behaves as a foreign body, easily soluble, 
and is removed by way of the kidneys. But we have flooded the body 
with the methyl arginine and a portion of it must surely have succeeded 
in reaching the muscles. There it should, according to the usual hypo- 
thetical scheme, have been broken down oxidatively in the absence of 
arginase. That did not happen, however. I concluded from this that 
perhaps here, in accordance mth the scheme of Hofmeister, only the side 
chain of the peptid-linked arginine was oxidised and that creatine re- 
sulted from the oxidation on the other end. 


NH COCH, 

NH COCH, I 

I CH, CH, CH, CH CO 

CH, CH, CHrCH CO I 


N- 


NH- 


C-N CO CH, -t- CH, COOC,H, 

I 1 

NHCOCH, NHCH, 

Tri acetyl arginine Sarcosine 

anhydride ester 


CH, COOH 


H,N NCH, -1-2 Acetic 

’ — + \/ acid 

+ C 

CH,COOC,H. II 

! (NH) 

N • CH, Creatine 

I 

C-NCOCH, 

NHCOCH, 


After this work was done, a period of several years elapsed before 
the beautiful reports of M. Bergmann (Bergmann and Koster, 1926; 
Bergmann and Zervas 1927) appeared. In the laboratory it is possible to 
loosen the guanidine moiety by means of acetylation; its cyanamid com- 
plex can then be transferred to other amines, including the ester of glyco- 
coll or of sarcosine. In this maimer, Bergmann obtained creatin. 

According to Bergmann creatin has two mother substances arginine 
for the guanidine moiety and the precursors of g^ycin in the body, which 
are as yet unknown to us. In the liver, cleavage would take place by means 
of argmase, but the muscles do not possess this enzyme. Instead, the 
musdes have available an aQrlated arpnine or creatin, in the form of 
phM^Mgen. Thase substances are oinstantly being regenerated. One 
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fact we can acc(^t and that is that muscle arginine probably {days a part 
in the creatin formation but free arginine never. 

In life all chemical reactions are catalyzed by the ferments, which are 
extraordinarily specific tools and are very definitdy dependent upon the 
structure and configuration of the substrates. They require definite points 
for attack in order that the necessary intermediary product — ^the ferment* 
substrate complex may be formed. In the tissues within the cells we find 
different conditions, other relationships, other points of attack and other 
ferments. The cell is also capable of hydrolyzing its protein — that takes 
place in hunger or when the cell is mechanically destroyed or bkod is re- 
moved, or in the autolysis of a pneumonic exudate. But the live cell does 
not have to hydrolyze and probably does not do it so far as that portion 
which involves the wear and tear quota is concerned. To be consumed 
means to be used, but not to be lost; if I may so express it. It is spent, 
after due consideration, for important, inevitaUy necessary purchases — for 
materials to support the functioning of one organ in relation to another 
and also within the cell itself. These materials are so important, but also 
so unstable, that the body does not rely upon ingestion which is very often 
purely accidental. Self management also means self aid and therefore the 
body is forced to prepare these materials under its own direction from its 
own constitution; that is to say, right there and then from its own protein. 
We will be able to understand the individual steps in this process when we 
know more about the synthesis of the body’s protein. 
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T he selection of methods of measuring the surface area of animals is 
ordinarily iHAde upon the basis of accuracy and of convenience. An 
accurate method is considered to be one that will give reproducible results, 
while it is, of course, obvious that methods adaptable to small animals may 
be entirely impracticable for large animals. However, whether the surface 
is determined by measuring the area of the removed hide, or of a mold 
fitted closely to the body, or by the mechanical integration of the area of 
the hide in situ, or by other means, the prevailing impression seems to be 
that the surface area of an animal is a definite measurement to which all 
good methods should approximate, and hence that all good methods are 
equivalent in the significance of the results obtained. 

The area of a removed hide, if it can be spread out on a flat surface, 
either as removed or divided into a small number of pieces, and if it is not 
greatly extensible, may be readOy measured, and on remeasuring, a satis- 
factory duplicate result may be obtained. This is true of cattle hides and 
of sheep hides. If the skin is greatly elastic it is not susceptible to this 
treatment. It has been the practice in this laboratory, in measuring the 
area of chicken skins, which are of this description, to stretch them before 
outlining them on paper. It is felt that this method was the only one capa- 
ble of giving results even approximately reproducible, while at the same 
time it was realized that the results thus obtained were not comparable 
with results obtamed on the skins of other animals, on which it is unneces- 
sary to apply tension. 

The extensibility of the hide of an animal when removed from the body, 
as wdl as the difficulty of making it lie flat upon a smooth surface, has 
induced many investigators to turn to other methods of determining sur- 
face area. Among these may be mentioned especially the making of molds 
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of one kind or another of the entire body or of a qmunetrical part of the 
body, and the ingenious method of Brody of determining by a mechanical 
integrator, the area of the hide in situ. Such methods have given hi^y 
reproducible results and fiave contributed to the common belief that the 
surface area of an animal is a constant. 

However, it seems obvious, when this proportion is critically examined, 
that it cannot be strictly true and may in fact be a>nsiderab]^ in error. An 
animal may change its shs^ considerably by changing the position of its 
limbs, its head, and its trunk and each change in shape will occaTon a 
change in surface area. The success of methods of determining directly 
the surface area of animals, and the close reprodudbOity of the results 
obtained, must depend upon the fact that a standard position of the body 
and its appendages is maintained throughout a series of measurements. 

In order to ascertain the extent to which change in position will affect 
surface area, the surface area of a number of chickens and rats was deter- 
mined by a mold method, described in the following paper, the position of 
the bodies being varied between two extremes. With the chickens, the 
accuracy of the method was first tested by cutting the gauze mold from 
the body in the median sagittal plane, the limbs being in the same position 
on the right and left side. In another series of trials, the limbs on one side 
of the body were placed in a position as nearly contracted as the method of 
putting on the mold permitted, while the limbs on the other side were 
fully extended. The areas of the two »des were then compared as before. 

The results in the first series, in which both legs were contracted and 
both wings extended, are summarized in Table I. 


Tabu I 

Tke SnxTACB Abba or ibx Rigbt akd Lett Haives or Cbiceznb* WatiH Bon 
Lbos axe Contkacieo and Bom Wants axe Exisniizd. 


Bbd 

No. 

! 

Sex 

Body 

weight 

grunt 

Surface area of 

Percent 

difference 

Left 

tide 

tq* ant. 

Bight 

Idde 

K). cms. 

22 

pullet 

1074 

483 

491 

1.64 

24 

codkerd 

1799 

646 

659 

1.99 

25 

cockerel 

1978 

693 

707 

2.00 

26 

coduud 

1458 



0.00 

27 

cockerel 

1653 

628 

HiS 

0.48 

28 

cod^eret 

1841 

651 

641 

l.SS 

29 

cockerel 

2142 

728 

729 

0,14 


' of tW safi foot sad of *1** oDiidw sad 
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Evidently the method is capable of dose duplication, within 2 per cent. 
However, if the podtion of the legs and wings is not symmetrical, the sur* 
face areas of the right and left halves may become appredably different, as 
the results in Table II indicate. 


Table n 

Ite SwACX Abea or tee Right akd Lett Halves or Chickens' When the 
Leg and Wing on One Side abb Contkacied and on the Oihek Extended 


Bird 

No. 

Sex 

Body 

weight 

grams 

Surface of 

Per cent 
difference 

Left 

side 

sq. cms. 

Right 

side 

sq. cms. 

23 

pullet 

1059 

429* 

478* 

10.81 


— 

— 

396* 

475* 

18.16 

24 

cockerel 

1799 

613* 

690* 

11.82 

25 

cockerel 

1978 

698* 

686^ 

1.73 

26 

cockerel 

1458 

546* 

585* 

6.90 


> Excluave of the shanks and feet and the comb and wattles. 
’ Leg and wing extended. 

* Leg and wing contracted. 

* Results from a second mold of Bird No. 23. 


An explanation of the negative result for Bird No. 25 has not been re- 
vealed, but with the other birds, particularly the first two, there can be no 
doubt that the extension of leg and wing has increased the surface area of 
these appendages over that in the contracted position. However, variable 
results may be expected unless the extent to which leg or wing is contracted 
is standardized. 

In this experiment with White Leghorn chickens no attempt was made 
to change the position of head, neck, or trunk. In the work on rats, the 
portion of these members also was varied between two extremes. In the 
one position, the rat carcass was Idd flat on its abdomen and the head and 
legs were extended to the fullest extent while the mold was being formed. 
This position is not unlike that sometimes assumed by a rat across the 
floor of its cage on a very warm day. In the other position, the carcass was 
placed upon its haunches and made to assume a partially crouched attitude 
by bending it over a glass feeding cup, tipped on its side. The limbs were 
{MTtially cfmtracted. Before applying the mold in these positions the hmr 
was removed from the caiyasjwa by immersing them for a few minutes in 
10 per cent solution of barium sulfide. 
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Since the fats used k this study wete ef diffemt idses and ages» and 
since it has not been found satisfactory to take more than one mold of a 
carcass, because of an apparent shrinkage in the carcass after the first 
covering is removed, and of a change in the {fiiability of the skin due to the 
coUodimi used as a cement for the gauze covering, the areas obtained in 
each case have been compared with areas computed from Lee’s formula (1) 
S»10.761f®'“ X 0.310/i\r<*„ being CowgUl’s "nutritive correction 
factor" obtained by dividing the cube root of the weight, in grams, by the 
length of body from nose to anus, expressed in centimeters. This formula 
was used in preference to the other formula suggested by Lee, since our 
rats were evidently in better nutritive condition, with values of Na>$ rang- 
ing from 0.288 to 0.304. 

In order to discover whether the mold method iised in this work was 
essentially equivalent to Lee’s method, by which the depilated skin is 
fixed, while on the carcass, by dipping into a nitro-cellulose lacquer, two 
rat carcasses were molded in a position similar to that used by I«e. The 
first rat, a male, weighed 126 grams, with a body length of 16.5 cms. and 
an of 0.304. The area of the mold was 213 sq. cms. and that predicted 
from Lee’s formula was 210 sq. cms. The second rat, a female, weighed 
214 grams and possessed a body length of 19.9 cms. In this case iV,*, » 

0. 301. The area of the mold was 304 sq. cms., as compared with a pre- 
dicted area of 293 sq. cms. In the fomer case, the deviation between 
observed and calculated areas was 1.46 per cent and in the latter 3.62 per 
cent. It may be concluded that the two methods are essentially equivalent. 

A number of rats were then molded in the two poritions described above. 
The results obtained, and the estimated areas by Lee’s formula are sum- 
marized and compared in Table III. 

It seems clear that the surface area of the rats was markedly affected by 
the position in which the body was placed. With one exception, the 5 rats 
molded in the extended prone porition gave areas considerably greater than 
those predicted by the formida of Lee. The average excess for the group 
was S.77 per cent. All of the 4 rats molded in the crouched position pos- 
sessed mold areas conriderably less than the predicted areas, averaging 
— 6.20 per cent. The average difference between the areas obtained in the 
two positions is thus practically 12 per cent. Furthermore, this difference 
is not due to wrinkling of the in the crouched porition; it is a result of 
the change in shape of the carcass smd the elasticity of the skin ooiret- 
ingit. 

1. Lee, DettxminstioD of ibt surhee atea at the ediite lat irith its aP|>8c»tipB to the 

ei^eidoB ot netabelk tcwlta iitiiw. /ew. 1929, 
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The true carcass of the rat is very loosely enclosed in a skin which 
possesses a high degree of elasticity. This fact is well illustrated by such 
observations as the following. A male rat weighing 413 grams was skinned, 
and the area of the skinned carcass was found by the mold method to be 
430 sq. cms. The unstretched skin possessed an area of 536 sq. cms. Only 

Table III 

Tbz Sdseace Axea at Rais Placed in Diffekeni Positions 


Rat 

No. 

Sex 

Body 
weight 
grains 1 

Body 

length 

am. 


Surface area 

Per cent 
difference 

1 

Observed 
sq. cms. 





Rats in 

the extende 

d position 



3 

f 

IB 

19.8 

.288 

302 

280 

+ 7.28 

9 

m 

mm 

18.1 

.293 

235 

241 

- 2.55 

11 

m 

154 

18.3 

.293 

266 

246 

+ 7.52 

6 

f 

126 

17.3 

.290 

247 

220 

+10.93 

13 

i 

209 

20.3 

.293 

318 

300 

+ 5.66 




Rats in the crouched position 



7 

{ 

138 

17.8 

.291 

220 

232 

- 5.45 

12 

m 

202 

19.9 

.295 

271 

288 

- 6.27 

10 

m 

198 

19.6 

.297 

1 270 

282 

- 4.44 

8 

m 

189 

19.5 

.294 

255 

277 

- 8.63 




a moderate degree of stretching would increase this area to 630 sq. cms. 
Similar results were obtained with other rats, so that it appears that the 
rat is provided with the means of changing its surface area within wide 
limits by changing the relative position and the shape of its trunk and 
iq>pendages. That such changes in surface area actually result from change 
in the shape of the body, the experimental results cited above clearly 
prove. Even greater changes than those found would be expected if it had 
been possible to mold the rat carcass in a more contracted position than 
that loosen. 

It may be concluded, therefore, that with chickens and rats, and pre- 
sumably with other animals also, the surface area is not a definite meas- 
urement, but depends to a considerable extent upon the shape of the body, 
as detenmned by the poMtion of the body trunk and its appendages. 
Hence, direct measurements of the surface area of animals placed in some 
definite position, although they may be closely reproducible and readily 
conformable to math^watical description, do not possess the definite 
interpretation ordinarily given them. For example, there is neither a 
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rational nor m empirical basis for assuming that the basal metabolism of 
an animal is more closely related to the surface area determined from a 
certain convenient position of the animal than to the surface area relating 
to any other position that the animal may naturally assume. And the 
possible differences between the surface areas of the same animal in dif* 
ferent natural positions are not inconaderable. 

These considerations mean that the heat produced by an animal per 
square meter of body surface po^esses no absolute meaning, but that it 
may still be a highly useful measurement for comparative purposes if the 
surface measurement for different animals is made by exactly the same 
method. Within any species it would appear that the basal heat produced 
per square meter of hide area is just as valuable and significant a measure- 
ment as the basal heat produced per square meter of surface area relative 
to some definite body position, provided the hide area is as accurately de- 
terminable as is the surface area. Both measurements can be determinable 
with accuracy only by the impodtion of arbitrary conditions, relating in 
the one case to the tension, if any, that must be applied to the hide to ob- 
tain reproducible results, and in the other case to the position in which the 
animal must be placed for the most convenient measurement. The hide 
area of an animal, provided no considerable tension has been applied, may 
be considered to be a maximum surface area to which the body may attain 
by change of position. Evidently for animals of different species, the com- 
parability of surface area determinations may be less dose, due to the 
different character of the hide, or to other anatomical differences. 

Needless to say, the method of eliminating the effect of differences in 
size of animal upon basal heat production by expresdng the latter per unit 
of body area is just as valid as ever. Certainly the main value of such ex- 
pressions is their comparaMity within the spedes. In formulas of the 
Meeh-Rubner type the particular value of the constant becomes thus a 
matter of mdifference, while that of the exponent of the body wel|^t is of 
first importance. 




THE SURFACE AREA OF SINGLE COMB 
WHITE LEGHORN CHICKENS 

By H. H. Mztcheix 
{From the Department of Animal Husbandry, 

Univo'sity of Illinois, Urbana) 

Recetved for Pul^catioii~October 1929 

I N UNDERTAKING tlie determination of the surface area of a con- 
siderable number of animals by an exacting and time-consuming 
method, and in burdening the literature with a description of the results 
secured, one should have a definite conviction of the value and significance 
of surface area determinations. If the method of expressing basal meta- 
bolic rate with reference to a unit of surface area has only its popularity to 
commend it, as Benedict believes, the time devoted to surface area deter- 
minations is hardly time well spent. 

The empirical basis of the so-called surface area law seems a sound one, 
«nce among a number of animals of the same species differing only in 
size, the basal heat output, when computed per square meter of body sur- 
face, presents a more uniform set of values than when computed per unit 
of wei^t. Thus, this method of reference is commonly considered to be 
the most satisfactory method of eliminating the effect of differences in size 
of body upon basal heat output. However, this practice carries no implica- 
tion that no other factor than surface area affects basal heat output. It is a 
specious argument to urge against it the well known facts that age, sex, 
muscular development, nutritive condition, and various types of glandular 
malfunction may also affect basal metabolism; they would disturb any 
other method of relating basal metabolism to body size. 

If a method is empirically sound, it should have some sort of a rational 
explanation, and not until such an explanation is at hand can the true 
significance of the method be appreciated and the utmost faith in its 
validity be felt. Obviously, surface area can be a factor in the determina- 
tion of basal heat production only in so far as it determines the rate of heat 
loss from the body, and the necesaty of any constant relation between 
surface area and basal heat production, if such there is, must relate to the 
necesfflty of nuuntaining within narrow limitsaconstant body temperature. 
But fw warm-blooded animals there is a considerable range of environ- 
mmitalconditbns within whidi the basal heat produced is approximately 
ctm^imt and ipreater than that needed to maintain body temperature. 
Hence, within this range heat loss and surface area are not determinants in 
basal heat output. But within this range, the requiate constancy of pro- 
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toplasmlc tmperature is not seriously threatened by environmental 
conditions. Outade this range, the mechanism lor the preservation of a 
constant cellular temperature is subjected to greater and greater strain. 
Thus, for enviromnental temperatures lower than a certain critical value, 
the rate of heat production of the animal must be increased to keep pace 
with the increasing heat loss through the surface of the body. Also for 
environmental temperatures above body temperature, the evaporation of 
water, mainly from the skin, must be greatly increased, smce it abne must 
bear the burden of heat excretion. Thus, under those environmental con- 
ditions threatening the continuation of animal life, the area of the body 
surface becomes an important factor in the regulation of body tempera- 
ture. 

For warm-blooded animals it may be considered that the basal heat 
production, in so far as it is related to »ze of body, is to a very large extent 
determined by the critical environment. At the critical temperature, the 
basal heat production must be equal to the minimum heat loss consistent 
with the maintenance of body temperature. This heat loss will depend 
upon the surface area of the body, the radiating capacity of the skin and its 
covering, and the normal body temperature. If all animals possessed the 
same critical temperature, they must possess the same basal heat produc- 
tion per unit of surface area, except for differences in normal body tempera- 
ture and in the insulating properties of the skin and its covering. 
Differences in normal body temperature within the same species of warm- 
blooded animal are insignificant in this connection, and even among dif- 
ferent spedes they amount to only a few degrees centigrade. Differences 
in the insulating properties of the skin and its covering may be great, but 
the more effective the skin is as an insulator of heat, the bwer is the 
critical temperature of the animal, and hence the lower is the environ- 
mental temperature to which the basal heat production is adjusted. Hie 
net result will be a marked tendency, such as has been observed experi- 
mentally, for all animals, regardless of differences with r^>ect to skin 
covering, body temperature, and mtical temperature, to possess approxi- 
mately the same adult basal heat production per unit of surface area. The 
effects <ff age, sex, muscular development, nutritive condition, and |^du- 
lar functioning on basal metaboUsm are, of course, unrelated to rise and 
surface area, and their existence does not vitiate, timugh it may obscure, 
the relaticm of surface area to the basal metabolic rate. 

Thus, the characteristic features of warm-hloodedness in animals as 
they have been observed and reported, reader inevitalde a dose relation 
between surface area and basal heat output The relatkm possesses a 
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physical significance which is entirely ignored in Brody’s recommendation 
(1) that basal metabolism be considered merely as a power function of 
body weight rather than as a function of body surface. 

With the conviction that surface area is a real determinant in basal heat 
output, the surface areas of 25 Single Comb White Leghorn chickens, 
varying in body weight from 109 to 2142 grams, were measured in order to 
derive a formula by which surface area can be readily computed. 

The birds were killed by bleeding and debraining and were then dry 
picked. They were then measured and laid out in a standard supine posi- 
tion with neck and wings extended and legs as nearly contracted as the 
method of molding permitted. The wings were pinned down in the desired 
position and the legs were supported on strings suspended from a labora- 
tory ring stand. The comb and wattles were then cut off as were the ear 
lobes in the larger birds. The surface of the bird was then covered closely 
with strips of ordinary medical sterilized gauze, either 2 inches or 1 inch in 
width, which were made to adhere to the body and to each other as they 
were put in place by collodion applied with a brush. By varying the size of 
gauze and the length of the strip it was possible to cover all parts of the 
body regardless of their curvature. However, the shanks and feet were not 
covered. After the ventral part of the body was covered, the bird was 
turned over and covered on the dorsal side without changing the position 
of legs and wings. The completed mold was dry in one hour or less of 
standing, during which time a slight contraction of the gauze occurred, 
insuring a tight fit. In removing the mold from the body, it was first cut 
in two parts along the median sagittal line, and then was cut along the 
neck, wrings, and legs as was found necessary for convenient removal. 
After removal from the body, the mold was cut up into pieces of such size 
and shape that they would lie flat, outlined with a pencil on a large sheet of 
paper, and their combined area determined with the planimeter. Depend- 
ing upon the size of bird, it was found necessary to cut the mold into 17 to 
50 pieces. The comb and wattles were also outlined and the area doubled, 
allowance being made in the case of the comb for the area of the surface of 
attachment to the head. The ear lobes, when large enough to require 
separate treatment, were outlined and measured, and allowance also made 
for the area of attachment. The area of the shanks and feet was deter- 
mined by skiiming one shank and foot, determining the area by cutting up, 
outlining, and apjflying the planimeter, and doubling this area. 

Beddes the live weight and surface area, three linear measuremeirts were 
taken, (a) the over-all length, from tail to tip of beak, (b) the rump-to- 
shoulder length, and (c) the circumference of thorax taken over the keel 
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and just behind the wings. Chi many of the birds, the picked, bled weight 
was also recorded. These measurements and weights are all contdned in 
Table I. 


Table I 

The Bode Weights, Bode Measobeiients, and Suxeace Areas or WmzB 
Leghokm CanxEMB 


Bird 

No. 

Bi 

Surface 

area 

sq. cms. 

Length 
over all 

cms. 

Rump 

to 

shoulder j 

cma. 

Circum- 

ference 

cms. 

Picked 

weight 

grams 

8 

no 

227 

18.0 

7.4 

11.0 


9 

109 

220 

18.0 

7.4 

10.5 


lid* 

235 

376 

25.0 

9.1 

14.0 


Wd* 

341 

526 

27.5 

11.1 

15.0 


13cf 

449 

618 

29.0 

11.8 

17.0 

— 

Wd* 

555 

731 

33.0 

13.2 

18.0 

490 

15<f 

578 

781 

33.5 

13.2 

19.5 

504 

169 

668 

795 

35.5 

13.7 

19.5 


219 

840 

908 

39.5 

16.1 

22.5 

712 

189 

984 

1014 

39.5 

17.0 

23.5 

861 

239 

1059 

1038 

42.0 

16.5 

24.0 


17<f 

1072 

1155 

40.5 

16.7 

23.5 

! 948 

22 9 

1074 

1127 

44.5 

16.8 

24.5 

937 

209 

1109 

1174 

41.0 

16.9 

23.5 

947 

199 

1213 

1152 

41.5 

17.6 

25.0 

1095 

59 

1273 

1172 

40.5 

16.0 

24.5 

1121 

79 

1329 

1247 

45.0 

17.2 

25.0 


26(f 

1458 

1470 

45.5 

18.5 

26.5 

1270 

69 

1495 

1469 

46.0 


29.5 

— 

109 

1513 

1435 

47.0 

18.2 

27.0 


27d^ 

1653 

1602 

48.0 

18.9 

28.5 

1423 

24cf 

1799 

1684 

48.0 

19.4 

27.5 

1612 

28<f 

1841 

1612 

48.0 

18.0 

28.0 

1600 

2Sd’ 

1978 

1720 

50.5 


29.0 


29cf 

2142 

1894 

49.5 


30.0 

■ii 


In attempting to fit a prediction formula to these measurements of 
surface area, it was realised that a close fit was hardfy to be expected, 
because of a variable feather coat, which would afiect body wei^t, l^t not 
bod^ surface as measured from the picked carcass, and because of a vari- 
able growth of comb and wattles, depending in particular upon sex and to 
some extent upon nutritive condition. An extenave growth of comb and 
wattles would incr^use the body weight somewhat, but would have an 
entirely disproportionate effect upon surface area. 
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Using the method of least squares, the Meeh formula 

was fitted to the data in Table I, with the result that k was evaluated at 
10.64. The calculated areas of the birds by means of this are given in col- 
umn 3 of Table II, and the percentage deviations from the observed 
values in column 4. The average percentage deviation, disregarding signs, 
is 4.51. 

TabixII 

A CoMPAKisoH as Cauidlated and Observed Sureace Areas 


Bird 

No, 

Observed 

surface 

area 

sq. cms. 

5-10.64 

sq. cms. 

Per cent 
difference 

5=8.19 

sq. cms. 

Per cent 
difference 

L 

8 

227 

244 

+ 7,49 

226 

-0.44 

.266 

9 

220 

243 

-hlO.45 

224 

+1.82 

.265 

lid?’ 

376 

405 

+ 7.71 

385 

+2.39 

.247 


526 

519 

- 1.33 

501 

-4.75 

.254 

13 cf 

618 

624 

+ 0.97 

608 

-1.62 

.264 


731 

718 

- 1.78 

707 

-3.28 

.249 

ISd* 

781 

738 

- 5.51 

727 

-6.91 

.249 

169 

795 

813 

+ 2.26 

805 

+1.26 

.246 

219 

908 

947 

+ 4.30 

946 

+4.18 

.239 

189 

1014 

1052 

+ 3.75 

1058 

+4.33 

.252 

239 

1038 

1105 

-f 6.45 

Ills 

+7.42 

.243 

I7d' i 

1155 

1114 

- 3.55 

1124 

-2,68 

.253 

229 

1127 

1115 

- 1.06 

1126 

-0.09 

.230 

209 

1174 

1140 

- 2.90 

1151 

-1.96 

.252 

199 

1152 

1210 

+ 5.03 

1227 

+6.51 

.257 

59 

1172 

1249 

4- 6.57 1 

1269 

+8.28 

.268 

79 

1247 

1286 

+ 3.13 

1308 

+4.89 

.244 

26d' 

1470 

1368 

- 6,94 

1396 

-5.03 

.249 

69 

1469 

1391 

- 5.31 

1421 

-3.27 

.249 

109 

1435 

1402 

- 2.30 

1433 

-0.14 

.244 

27d' 

1602 

1487 

- 7.18 

1526 

-4.74 

.246 

24d' 

1684 

1573 

- 6.59 

1620 

-3.80 

.253 

asd* 

1612 

1598 

- 0.87 

1646 

+2.11 

.255 

25d> 

1720 

1676 

- 2.56 

1732 

+0.70 

.249 

29cf 

1894 

1767 

- 6.71 

1832 

-3.27 

.260 


Avenge 4.51 3.73 . 251 


If the exponent of W (body weight in grams) in the Meeh formula, as 
weH as its coefficient k, are ei^uated from the data by the method of least 
squares, the prediction formula becomes 
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The calculated areas of the birds by this formula, and the percentage 
deviations, are given in columns 5 and 6 of Table 11. The average percent* 
age deviation is 3.73, somewhat less than that obtained with the first 
formula, and the fit to the data is appreciably better at the two ends of the 
range. The second formula is thus a distinct improvement over the first. 
Of the 25 cases only 5 show deviations greater than 5 per cent, and all 
are within 10 per cent. Closer fits of prediction formulas to surface area 
measurements have been obtained with other animals, but, as already 
explained, the prospects of obtaining a close fit of any formula to surface 
area measurements in chickens are not encouraging. 

An attempt was made to improve the formula by the introduction of a 
term defining the nutritive condition of the animal. According to Cowgill 
and Drabkin (2), a term that should serve this purpose is obtained by 
dividing the cube root of the body weight by the body length. In the last 
column of Table II, this factor, involving the length in centimeters from 
tail to tip of beak, is given for each bird. If this factor is capable of serving 
a useful purpose in improving a prediction formula involving only the 
body weight, it would be expected that, for birds whose calculated areas 
deviated most widely from the observed, the nutritive correction factor 
would also be out of line. But a comparison of the last 2 columns in Table 
n does not reveal such a situation. It is true that the greatest positive 
deviation, 8.28 per cent, is associated with the highest nutritive correction 
factor, 0.268, but the next highest factor, 0.266, is obtained with a bird. 
No. 8, for which a very close prediction of surface area was obtained; this 
is also true of the next two highest factors, 0.265 and 0.264. The lowest 
nutritive factor, 0.230, is also associated with a bird for which a very good 
prediction was secured. These considerations do not indicate that the 
cause of poor predictions by the use of the second prediction formula was 
a variable nutritive condition of the birds. Hence, no systematic attempt 
was made to introduce this factor into the prediction formula. 

From the fact that the six largest positive percmitage deviations of 
predicted from observed areas relate to females, while the five largest 
negative deviations rdate to males, it seems evident that sex is a deter- 
mining factor in surface area, even before excessive comb growth is present 
(Nos. 12 and 15). Unfortunately, the pnsoit data are not suitdlde for the 
derivation of separate prediction formulas for each arac, since the females 
measured are all of intermediate wdght, idiile the males are, with two ex- 
c^ticms, either lights than 578 grams or heavier than 1653 grams. 
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SulfMAXY 

The surface area of Single Comb White Leghorn chickens of both sexes 
may be predicted by the equation 

5-8.19 If •»« 

5 being the surface area in square centimeters and If the body weight in 
grams. This formula is a distinct improvement over the Meeh formula, 
and apparently cannot be improved by the introduction of a factor de- 
fining nutritive condition. Except for the distribution by weight of the 
pullets and cockerels measured in this experiment, it would be profitable 
to devise separate prediction formulas for each sex. 
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V ARIOUS researches have directed attention to the existence of min- 
ute amounts of certain metals in the animal organism. Body tissue 
and fluids, and numerous dietary substances, have been subjected to ana- 
lytical survey for the purpose of explaining the significance of these small 
amounts of metal, but with the exception of iron and possibly copper, 
little progress has been made in determining their physiological fimction. 
Milk as a body secretion and as a food substance has claimed the atten- 
tion of numerous investigators interested in determining basic relation- 
ships between the elemental composition of this product and the complete 
dietary. The normal iron content of milk has been quite definitely deter- 
mined and within recent years the normal copper content of milk appears 
to have been fairly well established (1-5). Recent investigations dealing 
with the causes of nutritional anemia of experimental animals fed on an 
exclusive milk diet have centered attention on these two elements (6-12). 
The general conclusions from these investigations, either stated or implied, 
are to the effect that the anemia produced by a prolonged milk diet is due 
primarily to the low iron and copper content of the milk. The specificity 
of copper in preventing or curing nutritional anenua is not wholly con- 
ceded, however, by Elden and collaborators (13) or by Drabkin and Wag- 
goner (14). 

The apparent importance of the iron and copper content of milk as fac- 
tors determining its adaptability for certain dietaries, has brought into 
relief the rugnificance of numerous observations made at this laboratory 
during several years of study of the factors of similarity and dissimilarity 
between natur^ fluid milk and dry milk as prepared by the revolving cyl- 
inder process. Unpublished data obtained in 1919 revealed that desic- 
cated milk prepared by this method normally contains from 2 to 5 times 
more iron than the natural liquid milk. This increase in iron content is 
obviouriy due to the intimate contact of the milk with the desiccating cyl- 
inders. Attempts to segregate this additional iron increment as an inor- 
ganic substance have ffuled thus far. There is reason to believe that it may 
exist in the dry milk as an organic combination. 
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The desiccating operation is known to afect certain constituents of the 
milk, particularly the proteins. Numerous clinical observations (15) seem 
to indicate that this alteration has a favorable effect upon the assimi- 
lability of the product. It is conceivable, therefore, that the assimilation 
of any existing iron compounds in the dry milk, particularly if associated 
with the protein material, may likewise be favorably affected. 

Other investigations, particulaiiy those in reference to the keeping qual- 
ity of dry mUk (16), led to the discovery that under certain conditions 
minute amounts of copper existing as an impurity in the deticcating cylin- 
ders, might be added to the dry product during the desiccating operation. 
Analyses of the metal of the dr 3 ring cylinders revealed a copper content 
varying between 0.032 and 0.185 per cent. Milk dried on cylinders which 
were relatively new leached out the soluble copper to a variable degree, 
cauting an increase in the copper content of the dry milk (calculated to the 
original fluid milk basis) of from 0.04 to 0.37 parts per million. Older 
drying cylinders, which had been subjected to the continual solvent action 
of the milk daily for a period of years, did not give up measurable amounts 
of copper to the milk dried on them. 

Studies designed to determine whether manganese was imparted to the 
dry mUk during the desiccating operation have also been made. Analyses 
of the metal of the cylinders have revealed a fairly constant manganese 
content varying from 0.11 to 0.17 per cent. Manganese has not been found 
in the dry milk, either by the usual analytical methods or by spectroscopic 
analysis. 

In addition to these various anal 3 rtical results, dry milk prepared by the 
roller process, used for various feeding experiments, has failed to cause the 
degree of nutritional anemia commonly reported for natuifd fluid milk. 
These general observations, accruing over a period of several years, taken 
together with clinical reports which have occarionally come to our atten- 
tion indicating a degree of improvement in certain anemic conditions and 
emaciations when this dry milk was used, have prompted a systematic and 
comparative study of this type ot dry milk in reference to the anemia prob- 
lem. 


EXPESIHEKTAL 
Prdiminary Data 

Since control measures for preventing extraneous copper contaminatimi 
in the milk handled at the pmticular factory furnishing the product for 
the following eaperiments have been in <^)erati<m lor sevml years, abun- 
dsmt data were available showing the normal ccfpesr c<mtent of the Squid 
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and dry product. These data show that the copper in the dry milk when 
calculated to the liquid basis is substantially the same as for natural fluid 
milk, namely, within the limits of 0.50 to 0.75 milligrams per liter.* A few 
comparative analyses for iron confirmed previous data showing an increase 
in iron content in the dry milk to three or four fold greater than that in 
the liquid milk from which it was prepared. 

Although preliminary feeding tests were started prior to the recently 
published investigations indicating the importance of the copper constit- 
uent, the analytical data from the test samples permit an accurate record 
of both the copper and iron content of the liquid and dry milk used in the 
preliminary work, the plan of which follows: 

A few days prior to the birth of the yotmg rats, several mothers were 
isolated in individual cages with access to the usual stock ration consisting 
of com meal 76 parts; linseed meal 16 parts; crude casein 5 parts; alfalfa 
meal 2 parts; sodium chloride one-half part and calcium carbonate one- 
half part. Within 4 days after the birth of the litters the stock feed and 
water were taken from the mothers and the milk diets supplied fresh each 
day thereafter. One group received fresh liquid milk. The second group 
received the desiccated product, reconstituted to the original fluid milk basis 
with distilled water, to furnish the same content of milk solids per unit 
of volume as was furnished in the natural fluid milk. The third group re- 
ceived the same desiccated milk as the second group, but in this instance 
the dry product was reconstituted to give a mixture containing 30 per 
cent solids or apprommately 3 times the milk solids per unit of volume re- 
ceived by the other two groups. 

As the young of each litter reached the weaning age they were placed in 
individual cages of lacquered galvanized wire cloth and continued on the 
respective diets received by the mothers during the suckling period. Begin- 
m’ng at 30 days of age the food consumption for each individual rat was 
recorded. At 30, 60, 90 and 120 days of age 4 to 6 rats receiving the respec- 
tive diets were killed and certain analytical determinations made as shown 

* A recent r^wrt by Elvehjem, Ste«kbock and Hart (17) states that the normal copper con- 
tent d milk is materially lower than these figures. Their results were obtained by a method 
whoein the o^iper was predpitated as the sulphide. According to experiences in this laboratory, 
the preci^tatkm o{ such minute amounts of copper as ate found in milk by hydrogen sulphide 
cannot be rdied upon as quantatively accurate. The results as obtained in this laboratory by 
hydtoiea aoii^de predpitation methods have been too bw, as has been readily determined by 
•lIHR^ptiste chedt analyses and corroborative evidence from solubility tables. Various ch^ 
u>abteSt*d>c>dareagente, apparatus and other important checks on the manipulations, which 
have hear made at htterv^ during the past 10 years have indicated the Xanthate method as 
stdtatde for determidag copper in milk. 
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in Table I. For the purpose of obtaining similar data to represent standard 
conditions prevailing in the stock colony, other groups of young animals 
receiving the stock ration were isolated in individual cages and analytical 
data were obtained at 30 day intervals as also shown in Table I. During the 
observation period from the 30th to the 120th day, aliquot samples of the 
test milks and stock ration were taken and subsequently analyzed for iron 
and copper. These data with the daily or period food consumption permitted 
calculation of the copper and iron intake for each of the 30 day intervals. 
These results are shown in Table II in which is also given the average 
amount of copper and iron retained by the body during each 30 day period. 

The results given in Tables I and II show that white rats fed on the 
reconstituted dry milk diet exclusively, grew better than those fed nat- 
ural fluid milk. All animals receiving the desiccated product were raised 
to maturity. Blood counts were within normal limits and the apparent 
physical condition of the animals was good, although weight at corres- 
ponding ages was not so great as for those animab receiving the stock ra- 
tion. Among the animals receiving the natural fluid milk diet, a number 
of deaths resulted, particularly between the ages of 30 to 60 days. The 
animals receiving this diet were emaciated and anenuc, as indicated by 
physical condition, color of skin and eyes, and according to blood counts. 

It is to be noted that the animals one day old contained a larger amount 
of copper per unit of dry substance than at later periods of life. This con- 
firms the observations of Bodansky (18) that copper as well as iron is rel- 
atively high in the new bom animal organism. At 30 days of age there 
was a greater amount of copper in the bodies of the rats receiving the milk 
diets than in those receiving the stock ration. The iron content of the 
animals receiving the milk diets was lower than of those receiving the 
stock ration. In the case of those receiving the natural fluid milk, the iron 
content of equivalent weights of dry body substance after correction for 
difference in growth was only about 46 per cent of that contained in the 
bodies of the animals receiving the stock ration; those receiving the recon- 
stituted dry milk made up to the original liquid milk baas had about 80 
per cent of the iron of the animals receiving the stock ration; and those 
receiving the reconstituted dry milk containing 30 per cent solids had about 
57 per cent of the iron of those receiving the stock ration. At this stage of 
development the blood coimt for each group was substantially the same 
and obvious manifestations of anemia had not developed in any of the 
animals receiving the milk diets. It is apparent, however, that differences 
in the metabolism involving iron and copper were taking place in the body 
when the animab were 30 days old. 
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The value of these prelinunary comparisons may be briefly summarized 
as indicating the importance of an increased amount of available iron in 
the milk diet as a preventive for the characteristic milk anemia in white 
rats. This appears to be accomplished, in part at least, by the additional 
iron taken up by this type of dry nailk during the desiccating process. From 
the foregoing data it appears that the copper content of the milk used for 
these comparisons may be adequate, quantitatively considered, for main- 
taining a substantial degree of normality of blood formation in the white 
rat, providing other conditions are supplied. Since the milk solids con- 
sumed per rat as reconstituted dry milk were greater than the milk solids 
consumed in the form of natural liquid milk, a greater copper and iron 
intake naturally resulted. The results at least clearly indicate the signifi- 
cance of an increased iron content and suggest probable importance of the 
assimilability of the inorganic as well as the organic constituents. Miller, 
Forbes and Smythe (19) have already called attention to the differences 
in assimilability of the iron of various protein foods. 

Fxjxthek Comparison of the Milk Diets 

In order to study further the cause of the apparent differences in anemia- 
producing properties of liquid milk and the desiccated milk, a more detail- 
ed plan of investigation was undertaken. 

Young rats 30 days old were isolated in carefully lacquered individual 
cages and various milk rations, as shown by the accompanying charts, 
were fed for periods up to 14 weeks. Weight, blood counts, and hemoglobin, 
determined with the Dare Hemometer, were taken weekly. The various 
milks, both liquid and dry used for the comparative study were obtained 
in parallel daily from a commercial milk drying plant. Slight variations in 
inorganic comporition other than those caused by the drying operation 
itself were therefore avoided. All reconstituted dry milk was made up to 
the original fluid milk basis with distilled water. For those groups which 
required a supplement of milk ash, the particular sample was ashed daily 
and fed with the milk on the following day. Charts I to XIV have been 
prepared from the average of the results obtained from four rats for each 
group receiving the different rations. Table III shows the average food con- 
stunption and copper and iron intake per rat per week. 

In order to ascertain whether minute qualitative differences in the in- 
organic constituents of the liquid and dry milk might account for the dif- 
ference in anemia-producing results of the two products, the ash of a sin- 
gle sample of dry milk and the a^ from the liquid milk from which it was 
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made were subjected to spectroscopic examination*. No qualitative dif- 
ferences could be detected by this method of examination. The ash from a 
composite sample of dry milk accumulated over a period of several months 
likewise failed to show a qualitative constitution different from that of the 
ash of liquid milk. The spectrograms of these samples are shown in Plate A. 

StTMHAXY 

1. The production of nutritional anemia in white rats fed exclusivally 
on a natural fluid milk diet is confirmed. A simflar anemic condition also 
resulted from the feeding of liquid milk boiled for two minutes, and from 
the feeding of reconstituted spray process milk powder containing normal 
amounts of iron and copper. 

2. Reconstituted dry milk having the same copper content as the fluid 
milk from which it was' prepared, but with an increased iron content re- 
sulting from contact of the milk with the dr 3 ring cylinders, prevented the 
development of the characteristic milk anemia during the observation 
periods herein recorded. This milk also corrected to an appreciable degree 
the anemic condition resulting from the prolonged natural fluid milk diet. 
Immediate response to the change to the dry milk diet was shown by im- 
proved physical condition of the animals, increased blood count and as- 
cending hemoglobin content. 

3. In cases where the iron content of the reconstituted milk was approxi- 
mately twice the iron content of fluid milk, the blood count and hemoglo- 
bin did not reach the levels attained by the feeding of a normal stock ra- 
tion. In one group where the iron content of the reconstituted milk was 
approximately four times that of normal milk, a normal hemoglobin level and 
normal blood coimt were maintained throughout the observation period. 

4. Increasing the iron and copper content of fluid milk as inorganic addi- 
tions furnished through the me^um of liquid milk ash and dry milk ash 
did not furnish an appreciable degree of protection against anemia, nor so 
great a degree of protecti(m as did the feeding of the unsupplemented 
reconstituted milk. I 

4. The results are not conclusive in showing' that the coi^r content of 
the milk is always the vital factor concerned b the anemia of white rats 
receivbg milk diets exclusively. 

5. Ihe increased quantity of iron b the deuccated milk and such other 
changes b its chemical structure as may concurrently result from, the des- 
iccatbg operation, appear to impart measurable anti-anemb properties 
to this type of milk. 

* The ^pectmo^ examiutioBs mn made Iqr Dr, Jacob Piqidalt at Concll Daivetiity. 
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PLATE A. 

Spectrograms of Liquid Milk Ash wd Dr\ Mh.k Ash. 

No. 1. Spectrogram of a single sample of ash from roller process drj' milk; N’o. 2, spectrogram of the ash from a composite sample of roller 
process drj' milk; No. 3, spectrogram of the ash of liquid milk used for making the dry milk No. 1. 
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(’hart 1, — Group I — Results from Continuous Feeding; of Liquid W'holc Milk, (('oppcr 0 M 
p.p m., Iron 1.35 p.p.m.) 
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Weeks on Ration 

Chart 2. — Group II — Results from Continuous Feeding of Reconstituted Dry Milk Taken 
from Desiccating Cylinders Polished Daily. (Copper 0.595 p.p.m.; Iron 2.52 p.p.m.) 
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Cbakt 3. — Group llI-*-Resttlt8 from Continuous feeding of Reconstituted Dry Milk Taken 
from Desiccating Cylinders not Polished. (Copper 0.55 p.p.m.; Iron 2.00 p.p.m.) 



CEanx IV— Results from Contmuous Feeding of Liquid Milk Supplemented 

ivith Liquid Milk in liquid Milk Without Supplement 0.665 p.pan.; Iron 1.18 

(11mash/rpm75jec*of thejiquidimlk was added to 100 cc. of the Hquid milk diet.) 
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Chart 5. — Group V — ^Results from Continuous Feeding of Liquid Milk Supplemented with 
the Ash of Diy Milk Taken from Desicxnting Cylinders Policed Daily — Copper in liquid Milk 
Without Supplemmit 0.465 p.p.m.; Iron 1.18 p.p.inu (The wAi from 75cc. of reconstituted dry 
milk — Copper 0.S9S p.p.m.; Iron 2.52 p.p.m. — was added to each 100 cc. of the liquid milk diet.) 



CmAHT 6.«--Groap VX--"Re8u]ti from Contitmous Feedktg of liquid Blilk Supplemented with 
the Adi of Dry Milk Taken from Dedcoiting Cylmddn nc^ Gippm In XiqtsM 

Without Sttpidement 0.66S p4i4n.; hrim (11m ludk iNm 75 oc. ol m 

ndlk*— Cof^ 0.55 p.p.m.; Iron 2.00 p.p.m.-'^-wns added to 100 cc. of the liquid milk diet.) 
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Cha&t 7. — Group VII — Results Showing Development of Anemia by Feeding Fluid Milk 
and Subsequent Improvement After Changing to Reconstituted Dry Milk Taken from Desicca- 
ting C3rlmder8 Polished Daily. {Copper in liquid milk 0.665 p.p.m.; Iron 1.18 p.p.m. — Copper in 
reconstituted dry milk 0.595 p.p.m.; Iron 2.52 p.p.m.) 




Weight 

(aw) 


£00 

180 

160 

140 

180 

100 

80 

60 

40 


CEm S.-’-Gtosp Vm— Remits Show&ig Deveto^nent of Anemie by Feeding Fluid Milk 
nut Subiecracat T i ww w w m wtf after rTh.nfin» to Reconstituted Dry Milk Taken from Deaicce- 
eag Cy&Mlea not RoBAed. {Cappvf to Hq«id milk 0.665 p.p-m.; Iron 1.18 p.pjn.-Copper in 
nooastituted 4fay a^ OJSS p.pjn.: Iron 2.00 p.pja.) 
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Chakt 9. — Group DC. — Results Showing Development o£ Anemia by Feeding liquid Milk 
and Negligible Subs^uent Effect Alter Supplementing with Liquid Milk Ash. Copper in liquid 
Milk Without Supplement 0.665 p.p.m.; Iron 1.18 p.p.m. <The ash from 75 cc. of liquid milk — 
Copper 0.665 p.p.m.; Ir6n 1.18 p.p.m.--wa8 added to each 100 cc. of liquid milk diet.) 
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CHAnT 10.— ^Groiqp X— Results Development of Anemia by Fee<Rttg Liquid MQk 

and Neligible Subsiquent Effect after Sup^bmenting ivith Dry Miljk Ash Obtained fiom IV>wder 
T^cen from Desiccating Oyffnden PbUsM Daibr. Copper in Lk^uid Mffk Without Siqiple^ 
ment 0.665 p.p,m.; Iron 1.18 ash from tS ce. of xecomdituted dry Copper 

0.595 p.pjn.; Iron 2.52 p.fKin.— was added to 100 cc. <d the liquid »dik diet.) 
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wtlght 



Vlealtft on Kution 

Chakt 11. — Group XI — Results from Continuous Feeding of Liquid Milk Boiled for two 
Minutes. (Copper 0.575 p.p.m.; Iron 1.31 p.p.m.) 



Okajlt iX^-^xottp XII— Results from Continuous Feeding of Reconstituted Spray Process 
DiyMIlk (Clipper 0.04 p4[ijtt»;li^ 1.23 p.p4n.) 
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VMIUI OQ ftAtlCO 

Chaxt 13.— Group XIII— Results from Continuotts feeding of Spray Process Dry Milk 
Which was Reconstituted to the Liquid Basis and Again Dried by the Cylinder Process Before 
Feeding. (Copper 0.64 p.p.m.; Don 4.37 p.p.in.) 


•isht 



ias46f7teioiiW3ai4^ 

on notion 


ChrAKTl4.— &oupXW— ResidtsfiomAnlinabRecetvii^ilieEeguhf StodkRat^ (Gnda 
mixture* Copper 10 p4>4n.; Xnm 77,7 p«pm.;wholeinilk,Coppar044B$ p.pjQS.; Imci 
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THE EFFECT OF LOW CALCIUM, HIGH MAGNE- 
SIUM DIETS ON GROWTH AND 
METABOLISM OF CALVES 
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of the Michigan Agricultural Experiment Station, East Lansing, Mich)* 
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QINCE its publication by Oscar Loew (1) the theory of calcium-magne- 
^ sium antagonism has been widely accepted. It has been confirmed by 
Meltzer and Auer (2) and the results of many other investigators have 
sui^rted it. Should it be true that the utilization of calcium is seriously 
impaired by a disturbance in the calcium-magnesium ratio, the inclusion 
in a diet of too great a proportion of magnesium-rich ingredients; e.g., 
grain concentrates or high-magnesium mineral supplements, might pro- 
duce serious results. 

The evidence available does, indeed, indicate that the injection of 
magnesium salts (3) or their feeding (4) actually causes some decrease in 
calcium retention but its importance in the animal economy has been ques- 
tioned, particularly if the ration supplies an abundance of calciiun (5) or 
of phosphorus (8, 9, 10). 

The purpose of the present investigation was to study the effect of 
magnesium when fed in connection with low calcium diets particularly 
after these diets had produced certain pathological conditions under which 
the deleterious action of the magnesium should be more marked than in 
normal animals. 

The Eeiect of Feeding Magnesium Phosphate 

Calves fed from birth on whole milk, or whole milk and grain, usually 
die in convulsions. McCandlish (6) found that calves died earlier when 
whole milk was supplemented with grain. He suggested that this was due 
to the depletion of ^e body stores of calcium. The fact that grmns con- 
tain more magnesium than calcium causes calcium to be drawn from the 
body, especially the bones, to take care of the excess of magnesium. He also 
stated that it would appear that part of the beneficial effect of alfalfa 
added to a ration of milk and grain is that it increases the calcium as 
cosqpared with the magnesium in the ration and thus conserves the cal- 
itttn stores of the body. 

* PaUiilwd with the peradniMi the Director of the Eiqiieriinent Stedon es Journal Artide 
No. 15 (N.S.). 
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A grade Holstein calf C8 was raised on xnilk alone until it developed the 
signs of irritability which usually precede convulsions. Fifty grams of 
magnesium phosphate were added to the ration in an attempt to intensify 
the condition. However, the addition of magnesium phosphate instead of 
increaang irritability temporarily relieved it. The magnesium phosphate 
was increased whenever the animal manifested evidence of irritability 
until at 242 days of age 175 grams were being fed daily as shown in Table 
I. This animal died at 262 days of age but not in a a>nvulsion. 

Tabus I. 

Showino Gxowtb in Weight and foam CoNsmipnoN or Caut C8. 


10 Day 
PeriodB 

Age 

Da3rs 

Weight 

lbs. 

Pcrccat 

Normal 

Whole Milk 
lbs. in 10 da. 

Magnesium 
Phosphate gms. 
in 10 da. 

1 

12 

93 

90.8 

76.0 


2 

22 

97 

86.1 

92.0 

— 

3 

32 

107 

86.7 

102.0 


4 

42 

117 

87.1 

120.0 

— 

5 

52 

128 

86.8 

120.0 


6 

62 

138 

86.3 

120.0 

— 

7 

12 

146 

83.8 

134.0 

— 

8 

82 

151 

80.1 

140.0 

— 

9 

92 

158 

77.7 

126.0 

— 

10 

102 

168 

85.2 

150.0 

— 

11 

112 

178 

75.4 

176.0 

50. 

12 

122 

189 

74.8 

200.0 

500. 

13 

132 

203 

75.3 

200.0 

500. 

14 

142 

207 

71.9 

200.0 

1000. 

15 

152 

228 

74.7 

200.0 

1000. 

16 

162 

237 

73.9 

200.0 

1000. 

17 

172 

242 

71.9 

200.0 

1000. 

18 

182 

250 

71.1 

200.0 

1000. 

19 

192 

265 

72.6 

213.0 

1000. 

20 

202 

285 

75.4 

220.0 

1000. 

21 

212 

293 

74.8 

220.0 

1025. 

22 

222 

296 

73.4 

234.0 

1300. 

23 

232 

317 

76.3 

240.0 

1300. 

24 

242 

324 

75.7 

240.0 

1750. 

25 

252 

334 

75.7 

240.0 

1750. 

26 

262 

340 

74.7 

169.0 

1225. 


The following ration was fed heifer No. 205 at one year <rf age; 400 
pounds yellow com; 50 pounds com gfutm meal, 50 pounds cottonseed 
meal, 5 pounds salt, and 25 pounds wheat straw. She gave birth, aft^ 
234 days of gestation, to a blind, partially paralyzed calf which lived only 
two days. She also had a retained f^amnta. 
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Fifty days following parturition magnesium pho^hate (which contaiaed 

0. 0015 per cent calcium) was added to her basal ration at the rate of 5 per 
cent of the grain mixture. She was in an emaciated condition at this time. 
The ingested magnesium phosphate produced a slight purgative effect. 
There was an immediate improvement in body weight as shown in Graph 

1. Her appearance also changed markedly. Unfortunately she reacted to 


uoo 



OftAFfi 1. — Showing the gain in body weight of Cow 205 after the addition of magnesium phos- 
phate to a ration low in caldum. 

the agglutination test for B. abortus infection, which necessitated her re- 
moval from the experiment before calving a second time. Although her 
ration was very low in calcium, the addition of magnesium phosphate not 
only failed to aggravate her symptoms, but apparently brought about an 
improvement in the health and well-being of the animal. 

Five grade Holstein heifers (CSS, C37, CSS, CS9, and C46) were placed 
on an e^riment at four months of age, up to which time they had receiv- 
ed a recognized adequate ration. In the experiment CSS, CSS, and C46 
were fed a basal ration consisting of wheat straw, com silage, and the fol- 
loudng grain ration; S parts yellow com, 1 part oats, 1 part cottonseed 
meal, and 1 p«r c«xt salt. The other two animals, CS7 and CS9, received 
the basal ration {dus S per cent of the grain mixture as magnesium phos- 
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I>hate,antkmlowmcakium«nd]iig^uiinag»entiia. The caldum, mag- 
neshim and phosphoras analyses of the feed and water fed these animals 
are shown in Table II. 

TabueU 

Sw>wiHO CoioosmoN or FkiDB 


% 

% 

% 

Ca 

P 

Mg 


Grain mixture (basic) 

0.086 

0.271 

0.48 

Grain mixture plus magnesium pboiq>hate 

0.086 

0.664 

0.951 

Com silage 

0.100 

0.070 

0.061 

Wheat straw 

0.293 

0.181 

0.070 

Water 

0.0085 

— 

0.0029 


Wheat straw was fed ad libitum the first 280 days of the experiment. 
After that it was cut into short pieces and weighed and the animals were 
fed all they would clean up. 

The animals were weighed at intervals of 10 days. At the end of every 



Gxatb 2.— Showing growth in wd|^ and heiglit at withen of h^«m C35, C38, ai^ iM, 
fed haife ntim low in cak^; asd hciim €37 aad C39 OB hade nitlin a^ifdatan^ with mag- 

tiwilntiit 
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30 day period, they were weighed 3 days in succession. Weighing was done 
in all cases in the morning before feeding and watering. The following meas- 
urements were taken at 30 days intervals; height at withers, height at 
rump, circumference of chest (just behind the shoulders), greatest circum- 
ference of barrel, depth of chest, width of chest, width of barrel, width of 
hooks, and width of thurls. The growth of these animals from 4 months 
to 15 months of age, as manifested by body weight and height at withers, 
is shown in Graph 2. 

Calcium, Phosphorus, and Magnesium Metabolism. Each of the above 
animals was placed on metabolism experiment for a period of 7 days in 
order to determine the balance of calcium, magnesium, and phosphorus. 
This was done during November and December. They were placed in the 
metabolism stalls two da 3 rs before the actual starting of the experiment in 
order to get them accustomed to the change. The animals were exercised 
in the open 20 minutes each day during the metabolism period. 

The feces and urine, collected separately in suitable containers by atten- 
dants, were weighed or measured at the end of each 24 hours and repre- 
sentative samples of each taken for analysis. The methods of analysis 
were the same as in previous work (7). The results which are summarized 
in Table III showed that magnesium, as such, did not exert the harmful 
effect sometimes attributed to it. However, the experiments were not so 
conclusive as they might have been had some salt other than the phos- 
phate been used, since Hart and Steenbock (8) and Haag and Palmer (9) 
have shown that phosphorus counteracts the ill effects of magnesium. 
Medes (10) has also shown that the ratios of Ca, P and Mg may be varied 
through rather wide ranges without producing visible abnormalities in 
rats unless the absolute amount of phosphorus is low. C35 and C37 were 
kept on the experiment for three years. During lactation, a seven-day 
metabolism period indicated that both animals were utilizing calcium effi- 
ciently even though C37 was receiving a high magnesiiun ration. 

Effect of Feeding MAGNESitnt Carbonate 

A Holstein bull calf, C44, was fed a ration low in calcium but adequate 
in phosfffiorus which consisted of 2 parts ground yellow com, 2 parts 
ground oats, 1 part com distiller’s grains, 4 parts com gluten meal, 1 per 
cent salt and wheat straw ad Ub. This animal became blind at about 11 
mtmths of age. At about 13 months of age the joints became enlarged and 
stiffness developed. This condition became very severe in June, although 
tile animal was turned into an open bt for about 7 hours per day. 
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After he became so stiff that assistance was necessary to get him up itmi 
a lying position, 135 grams of commercial magnesium carbonate mount- 
ing to 5 per cent of the grun ration was added daily in an attempt to ag- 
gravate the condition. This addition was made July 7 when the aninud 
was 467 days of age. The ingested magnesium carbonate had a purgative 
effect and the stools which had been firm and black became soft. An im- 
mediate improvement in health was also observed. Coincident with this, 
the appetite increased so that the grain fed daily was gradually increased 
to 9 pounds per day. 

The body weight, which had remained practically constant for about 
four months before the addition of magnesium carbonate, gradually in- 

Tabie in 

S«)wiMo Avzkace Daily Calciuh, PaosraoKus and Maomeskth Balances or Anuals on a 
BAfflc Ration low iNCAtauK and Basic Ration Sufflemented wits MaonesiukPsosfsaie 


Animal 


Feces Urine Milk 


Total , ^ Plus Percent Ca/P 
Outgo ^ Balance Utilised in food 



PolodNo. |,lMdcnUkn. Period KU. 2, tMHdcimdDn|4miaagiietiwplKM|d^^ 

• DutbigfintkdaehmthelmfentkMoaaiirtBdofliNUtspiliowewB, 2pai!tsBaiwd oQ 
mesl, 1 port oats, wbeet, straw and salt 
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Fig. 2.— Showing animal C44 alwut six months after commercial maganesium carbonate had 
been withdrawn from the ration. 






478 


EFFECT OF CALCIVM-M AGNESIUM DIETS Vol. IT, No. 5 


creased. The magnesium carbonate was reduced to 3 per cent of the grain 
mixture on September 5, at which level it was continued till July 14, 1927. 
At this time the animal appeared normal in health and appearance, as 
shown in Fig. 1. The stiffness had completely disappeared. 

After magnesium carbonate had been withdrawn he appeared normal 
for about two months when signs of stiffness again appeared. 7'his condi- 
tion became severe in December. In January 1928, he was able to get up 
only with considerable dilliculty. The appetite was also affected adversely 
and his general condition was poor (Fig. 2). He was .slaughtered February 
14. 'Fhe rib bones were soft and easily broken near the sternal ends. 

The weight, volume, s[>ecil'ic gravity, and breaking strength of some of 
the long bones are shown in Table IV. The volume of the bones was deter- 

Tm».i IV 

Showing Wkk.ht, Si’Kcmc (Jkavitv, .\ni) Hri \kiso Stri ng m oi Somk of iin- I.on(; Huni s 




OF (’alf ('44 




Weight 

X’oliime 


Breaking Strength 

Bonch 

gms. 

le 

Spetilic (ira\iiy 

1I)S. 

Right femur 

2200 

1000 

1 U> 

3.125 

I.eft femur 

2350 

1085 

1 18 

2.(MK) 

Right humerus 

1775 

1530 

1 U) 

2,035 

Left humerus 

1705 

1445 

1.18 

2,0(>0 

Right large metatarsis 

485 

373 

1 30 

3,420 

Left large metatarsis 

477 

353 

1.35 

3,705 

Right large metacarpis 

435 

330 

1 32 

2,585 

Ivcft large metacarpis 

433 

325 

1 33 

2,300 


mined by water displacement method. 'I'he breaking strength was deter- 
mined by breaking a 6 inch section of the shaft. The siiecilic gravity of 
these bones was much less than values we have found for bones of similar 
size from normal animals. 

Calcium and phosphorus balances were determined for a seven-day per- 
iod when magnesium carbonate was being fed and again without this 
mineral supplement. These results are shown in Table V. 

Prom 'Fable V it is apparent that the magnesium furnished by the mag- 
nesium carbonate was not antagonistic to calcium and phosphorus utiliza- 
tion since 10.38 grams of calcium and 7.80 grams of phosphorus were 
stored during the magnesium carbonate period, while during the period 
without magnesium carbonate there was a loss of 2.55 grams of calcium and 
2.15 grams of phosphorus per day. 

Calcium, Magnesium and Phosphorus Balances. In order to determine 
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Table V 

Shovimo Aveeaob Daily CALCnm akd PKosmoKus Balance of Caly C44 on Basic Ration 
Low IN CALcnni and Basic Ration SopnxifENTEO with Maonesidh Carbonate 



Period 

Feces 

Urine 

Milk 

Total 

Outgo 

Intake 

Balance 

Percent Ca/Pin 
Utilised food 

1 

1 

m 

19 

_ 

13.71 

19 

M 

0.64 


2 

m 

m 


4.05 

H 

■ 

71.93 0.83 

1 

1 

17,69 

1.84 


19.53 

17.38 

-2.15 


1 

2 

4.96 

4.62 


9.58 

17.38 

7,80 

44.87 


Period No. 1, basic ration. Period No. 2, basic ration plus MgCOt. 


the effect on the calcium and phosphorus metabolism of feeding magnesium 
carbonate, three mature Holstein cows which were in the last stage of lac- 
tation were placed on a basic ration of timothy hay, a grmn mixture con- 
taining 3 parts yellow com, 1 part ground oats, 3 parts linseed oil meal, 
and 1 per cent salt. After a preliminary feeding period of 1 week, a 7 days’ 
metabolism period was mn, after which 150 grams of magnesium carbon- 
ate were fed as a mineral supplement per day per cow for 7 days (period 2) 
and the calcium, phosphorus, and magnesium balances were determined 
for both periods. However, in determining the average daily balances in 
period 2, only the last 5 days were used. 

The cows were fed grain and hay and watered twice a day. The timothy 
hay was of good quality from the standpoint of color and purity. The 
coUege water supply, which contains 0.008S per cent calcium, 0.0029 per 
cent magnesium and only a trace of phosphorus, was used. Commerical 
magneaum carbonate, which contained 1.37 per cent calcium and 26.05 
per cent magnesium, was used. The animals had voracious appetities 
throughout the experiment. 

The collection of excreta, and the sampling and analysis of excreta and 
feed were carried out as before. A composite sample of milk was taken for 
each 7 day period. The results are shown in Table VI. 

Discussion 

The experiments described in this paper afforded no evidence of any 
bad effects ftom including 3 to 5 per cent magnesium salt in the ration. 
On the contrary, in every case the general health of the animals and, when 
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TasixVI 

Saomm Avxkaox Daily Caiodk, Pboobokos, ass MAOsisnni Balances ov Dazey Cows 
WRB ASS wnsocT Maonestox Caebonaix as a IfisxEAL SomnaiiT 


Animal Feces Urine Milk Intake Balance 



it was detemined, the calcium and phos[diorus retention, were unaffected 
or were improved. 

In the case of the calf C8, which showed characteristic nervous disturb- 
ances ascribed by McCandlish to too mudi magnesium, the addition of 
magnerium phosphate gave relief instead of aggravating the symptoms. 
We have shown that these disturbances are accompanied by a hypocal- 
cemia (11) which gives the present experiment a resemblance to those of 
Wenner (12) who reported that the continuous oral administration of 
magnesium lactate was an effective agency in preventing tetany in para* 
thyroidectomized dogs. Luckhardt and his coworkers likewise prevented 
the onset of oonvlusions in thyroparathyroidectomized dogs by the admin- 
istration of magnesium chloride. This experiment is comfdicated by the 
fact that the chlmide probate exerted a boteficial effect throu|^ its 
ackhigenic fimcticm (13) but the fact rmains that the magnesium effect 
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TABUlVn 

Enxci or Mo on Biood Picnnz or a Calt mm OsiroiiALAaA 


Period 

No. of 
Sample 

Ca 

P 

Remarks 

1925 

4/lO-d/lO 

9 

11.6 

5.58 


6/10-8/10 

7 

10.8 

6.87 


8/10-10/10 

9 

10.1 

7.17 


10/10-12/10 

21 

10.4 

6.28 


1926 

12/10-2/10 

10 

8.2 

5.62 


2/10-4/10 

9 

8.7 

3.29 

Stiff 

4/10-6/10 

12 

8.4 

3.03 


6/10-8/10 

6 

10.7 

7.83 

MgCOi, 5% of ration 

8/10-10/10 

6 

10.6 

6.68 

“ 3% “ 

10/10-12/10 

9 

10.3 

7.68 

it u u 

1927 

12/10-2/10 

7 

10.6 

6.26 

a u tt 

2/10-4/10 

9 

9.7 

6.87 

u u u 

4/10-6/10 

9 

9.7 

7.55 

a a u 

6/10-7/13 

S 

9.2 

7.34 

MgCOi discontinued 

7/20-10/10 

11 

8.0 

6.24 


10/10-12/10 

9 

9.3 

3.62 

SUff 

1928 

12/10-2/10 

9 

8.9 

3.13 

Stiff 


was not potent enough to change the results which might have been ex- 
pected from those produced by the analogous calcium salt. 

The addition of magnesium phosphate to the ration of No. 205, which 
was low in calcium and fairly high in phosphorus, resulted in a marked 
improvement in body weight and health. Although she showed no rachitic 
sjnnptoms, her physical condition and reproductive failure are evidence 
of the inadequacy of the ration. Her response to magnesium feeding was 
comparable to that of C44 which did show rachitic symptoms. 

The case of C44 is so unique in many respects that it deserves special 
attention. In the first place, an animal on a low calcium, high phosphorus, 
diet should develop a condition characterized by low blood calcium rather 
than low blood phosphorus. The picture actually produced is identical 
with the rachitic condition* described by Karelitz and Shohl (14) for rats 
and Shohl and Bennet (15) for dogs on a kigk calcium, low phosphorus diet. 

* Whetbtf or not our (ubject ^fevdoped a true case of rickets «e ate unable to state because 
of jnmffident histological data, but the symptoms and Uood {uctuie were typical and the gross 
Igpaaiaaceof the bases showed skdetal abnormalities resemWng rickets. 
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The addition of 3 to 5 per cent of MgCOi to the diet produced a clear- 
cut improvement in the condition of the animal coincident with the altera- 
tion of the blood picture. This is directly contradictory to the findings of 
Park and his associates who were able to produce typical low-phosphorus 
rickets “by the addition to the diet of magnesium carbonate in quantities 
varying between 1 and 4 per cent” (16). They are also at variance with 
the recently reported results of Elmslie and Steenbock (17) who, though 
finding no positive deleterious acUon with magnesium carbonate, found 
no curative action. 

Two factors must be considered in connection with this animal, the dif- 
ference in calcium intake and the laxative action of the magnesium car- 
bonate. 

During the period when the magnesium was being fed, the calcium 
intake was 14.45 grams per day of which 10.38 grams were stored. When 
magnesium was discontinued, the calcium intake was reduced to 11.16 
grams. Simultaneously the storage dropped to —2.55 grams and the ani- 
mal became stiff. The discrepancy in calcium storage in the two cases in- 
dictates that it was not the slight reduction in calcium intake that was re- 
sponsible for the disturbance produced by the withdrawal of the magnesium. 
This position is supported by the fact that the phosphorus storage also fell 
from 7.80 to —2.15 grams per day. The importance of the second factor 
cannot be estimated but it should have been as active in the experiments 
of the other investigators cited above as in ours. This experiment is being 
repeated with several animals. 

While the metabolism results with the above animals showed more 
pronounced beneficial results from the feeding of magnesium than did 
the others, none of the latter could be interpreted as indicating a harm- 
ful action by this material as no increase in the bss of caldum or phos- 
phorus accompanied its inclusion in the ration. 

With the other animals the influence of the magnetium compounds on 
the paths of excretion was not marked, but in the case of C44 magneaum 
carbonate reduced the loss of calcium and phosphorus m the feces and, to 
a smaller extent, increased thdr excretion in the urine. 

The magnesium from the carbonate was mostly eliminated through the 
bowel though there was a riight increase in urinary magnerium. Either 
carbonate or phosphate increases the storage cff magnesium though the 
former is apparently more effective in this respect. 
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DIETARY REQUIREMENTS FOR FERTIL- 
ITY AND LACTATION 

XXIL FURTHER STUDIES OF THE ROLE OF MILK 
FAT IN FERTILITY AND LACTATION* 

By Barkett Sure 

With the assistance of Alethea Beach 
{From the Laboratory of Agricultural Chemistry, 

University of Arkansas, Fayetteville) 

Received for Publkatlon-^tober 16, 1929 

TN ORDER to secure more evidence of the effect of the increase of small 
amounts of butter fat in a ration satisfactory for growth, but not en- 
tirely adequate for lactation (1), a series of experiments was initiated dur- 
ing October of 1926, which was continued for five generations. This inves- 
tigation was completed during March of 1929. 

The results of the experiments are summarized in Tables I to III. It 
will be noted that rations 995, 996, and 997 vary essentially only by 2 per 
cent of butter fat, the differences in whole wheat and skimmed milk pow- 


Tabie I 

Percentage CoicposmoN or Rations 


Ration 

Whole 

wheat 

Skimmed 
milk powder 

Whole 
milk powder 

Butter 

fat 

NaCl 

995* 

61.7 

32.0 



5.0 

1.3 

996* 

59.7 

32.0 

— 

7.0 

1.3 

997* 

59.7 

30.0 

— 

9.0 

1.3 

998*^ 

66.7 

— 

32.0 

— 

— 

999 Duplicate of Ration 998 





* At mating the ration of t^ fifth generation animals was changed so that two per cent wheat 
oil re{daced an equivalent amount of dextrin. 


der being negligible from the standpoint of reducing the proteins and vita- 
min E. Since, however, dry skimmed milk contains 1.74 per cent residual 
milk fat left after skimming (2), the total milk fat of rations 995, 996 and 
997 would be 5.56, 7.56, and 9.52 per cent respectively. The total milk fat 
of rations 998, and 999, containing whole milk powder is 9.17, or 8.60 per 
cent butter fat, and 0.57 per cent residual milk fat (3). The purpose of 
introdudng rations 998 and 999 (999 is a duplicate of 998) was to compare 
the biological value of the fat-soluble vitamins in milk fat carried by whole 
milk powder witb the fat-soluble vitamin content of skimmed milk powder 

* SeMUchpqxT No. 141, Jounud Series, University of Ailaasas. 
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One female, one male ^ed tbxee months 
before completion of eciqjmimeiit. 
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supplemented by butter fat, as evidenced 
in studies of lactation conducted during 
a period of several years. An examina- 
tion of Tables II and III shows that 
for every increase of 2 per cent of butter 
fat there is a corresponding increase in 
12percent of young successfully weaned. 
It is also quite apparent that ration 997 
produced optimum results in both fertil- 
ity and lactation. The greater number 
of yormg bom on ration 995 than on 
ration 996 1 am unable to explain. The 
higher percentage of sterility and dead 
young bom on ration 995 compared with 
ration 996, however, is evident. 

On neither ration 995 nor 996 were 
young reared in the fifth generation and 
the increase of only 2 per cent butter 
fat changed the lactation index in the 
fifth generation from entire failure to 49 
per cent eflSciency, as indicated by the 
results secured on rations 996 and 997 
(Table II). 

It is also evident that rations $>98 
and 999, which are duplicates of Sher- 
man and Muhlfeld’s wWe milk powder 
diet B (4), containing a total of 9.17 per 
cent milk fat, did not prove as efficient 
as ration $>97, containing only about 0.4 
per cent additional milk fat. Table III 
shows that the increase of lactation 
efficiency on rations 996 and 997, com- 
pared with results secured on ration 995, 
follows a curve of arithmetical progres- 
sion, i.e., for every 2 per cent additional 
amount of butter fat there is a corres- 
ponding increase of 12 per cent in rear- 
ing of young; therefore, 0.4 percent less 
butter fat iffiould have produced a 2.4 
per cent less efficient lactation record 
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Tabu in 

SraouBY at BExnuxv ads Lacxaooh Rxoosds at Andiau ok Raiionb 995 to 999 Ikc l p s t v a 

CovEsiNO Five Genexations 


Total 


Ration rquoduc- 
tk>n 
period 
(days) 

Females 

Sterile 

females 

Litters 

Young 

bom 

Young 

bom 

alive 

Young 
albired 
to be 
reared 

Young weaned 

No. per 
cent 

995 

967 

18 

4 

46 

380 

362 

257 

120 

47 

996 

1,086 

16 

1 

37 

263 

255 

204 

120 

59 

997 

1.228 

20 

2 

68 

501 

473 

357 

255 

71 

998 

1,071 

17 

0 

44 

321 

303 

227 

142 

62 

999 

805 

17 

2 

44 

332 

295 

236 

152 

64 


on rations 998 and 999 than on ration 997. Actually, there was a decrease 
of 9 per cent, or for every 65.4 young expected to be weaned out of 100 
there was a loss of 5.6 per cent efficiency. This slight difference in lacta- 
tion efficiency, however, may not at all be due to destruction of vitamin 
A in whole milk powder during the process of drying, but may be due to 
biochemical changes produced in the whole mUk powder during storage of 
that material in summer months in our laboratory. 

An examination of all the milk powder diets used in this investigation 
reveals that none can be considered optimum for lactation. The fortifica- 
tion of the rations in the fifth generation with vitamin E furnished by 
wheat oil did not improve the lactation efficiency index. On the other hand 
in a good many instances we have observed polyneuritis in failing nursing 
young which readily responded to vitamin B therapy, the vitamin being 
furnished to the nurslings in the form of concentrated extracts from yeast 
or rice polishings. It is, therefore, concluded that vitamin B is one of the 
limiting factors in such milk diets. That milk is deficient in vitamin B for 
lactation was demonstrated in 1924 (5), since rations composed of 50 per 
cent skimmed milk powder had to be supplemented with a brewer’s yeast 
concentrate, in order to make them adequate for rearing of young. The ir- 
regular and conflicting results recently reported by Daniels, Jordan and 
Hutton (6) cm the potency of milk in vitamin B for lactation are due to the 
failure of these investigators to deplete the lactating mothers of vitamin 
reserves, and also to the failure to use an experimental maternal diet satis- 
factory in every re^ct with the exertion of vitamin B. For the same 
reasons the conclurions of Dan^, Gtddings and Jordan (7) on the de- 
struction of vitamin B in evaporated nfllk also are open to critkiam. 

Althoui^ we find the Sherman and Muhlf^ diet B (our ratiiohs No8« 
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998 and 999) unsuitable for raising a vigorous rat colony, which conclusion 
is in agreement with the recent report of Smith and Anderson (8) we con- 
sider that diet, supplemented with fresh vegetables, preferable for raising 
animals preparatory to studies on vitamins A or D, since it allows less 
storage of such fat-soluble vitamins. 

SmcMAnY 

1. The importance of small variations in the amount of milk fat in 
fertility, and particularly in lactation, is demonstrated. 

2. One of the limiting factors in all the milk diets studied from the stand- 
point of lactation is vitamin B. 
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THE COMPARATIVE VALUE OF DIFFERENT 
FOOD PROTEINS FOR REPRODUCTION 
AND LACTATION IN THE RAT* 

1. BEEF MUSCLE, LIVER AND KIDNEY 
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T he science of nutrition has been greatly advanced during the last 
two decades through an increase in knowledge of the unequal nutri- 
tional values of amino acids, the r61e of mineral salts in vital processes, 
and the indispensability of vitamins. The biological method of experimen- 
tation was applied to the study of foods at first only in so far as they 
concerned growth and maintenance. It was McCollum (1915) who first sug- 
gested the importance of such study for reproduction and lactation. “Only 
when normal reproduction and rearing of young is repeated at normal in- 
tervals can a ration be said to be physiologically sufficient.” Since that 
time much effort in this direction has revealed that for the proper perform- 
ance of these functions an animal has very definite qualitative and quan- 
titative needs in the way of dietary constituents. These needs, as far as 
they were known, were stated clearly by Simmonds (1924). If these needs 
are not met, young may never be bom, or if they are bom, their lives may 
be brief because of the lack of some necessary constituents for the forma- 
tion of normal milk. Sometimes the young are normal when bom and re- 
main so until weaned, but only at the expense of the mother who is found 
in an emaciated condition, due to the vicarious supply from her own tissues 
of certain substances indispensable for milk production. Or, finally, the 
young may be bom and reared normally but prove to be incapable of pro- 
creation. 

The acquisition of data is made the more difficult by the larger number 
of variables involved, most of them of unknown magnitude. Before a 
qualitative or quantitative inadequacy in one dietary constituent can be 
accepted as proved, the “law of the minimum” for all other dietary re- 
quisites must first be complied with. A recognition of the indispensable 
food entities has been and is being achieved only by the same biological 

* The mateiial in this and a following. paper was submitted to the University of Rochester 
in partial folfillment of the requirements for the degree Doctor of PhOosopfay. The en)erimental 
wotic was done under a fdlowdifo granted by the Natioiuti live Stock and Meat Board. 
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method, and it is therefore not suipriang that often purely acddental 
variations in diet have led to the discovery of hitherto unsaq;}ected essen- 
tials. Vitamin E came into being as the proper interpretation of the re- 
sults of a chance dietary variation (Evans, 1922, 1923). 

The need of increased amounts of vitamins for r^roduction and still 
larger amounts for lactation over the maintenance requirements has been 
demonstrated (Sure, 1926, 1928). It is well known that a protein of good 
quality is necessary for normal reproduction anc* lactation, but the quan- 
tity required has not been exactly determined. McCollum (1915) first em- 
phasized the importance of mineral salts for normal procreation. Many 
workers in this field have attempted to supply all of the presumably neces- 
sary elements but much remmns to be learned about the actual salt re- 
quirements with different kinds of diets, the actual needs of the body for 
certain of the rarer elements, and the catalytic, or other, effects which cer- 
tain of them, such as iron and copper, have upon the body processes. 

The purpose of the experiments described in this and the following paper 
was to compare beef muscle, liver, kidney, milk and egg for reproduction 
and lactation in the rat. 


HISTORICAL 

The use of an exclusive diet of muscle or gland tissue has always been followed by nutritive 
failure. Of C. Watson’s (1906) 14 young rats on ox flesh, 5 died ^thin four months, the others 
were undersized and sterile. Partly grown rats on this food became pregnant but failed to rear 
their young. The similar experiments of B. P. Watson (1907) in which partly grown rats were 
subjected to short periods of meat feedings, resulted In poorly nourished litters and subnormal 
wdghts of the mammae of the mothers. 

Later work on muscle tissue 1^ McCollum (1921) and Osborne and Mendel (1917, 1918) 
revealed that this is low in vitamin B and ladung in vitamin A and calcium. When fed on a 20 
per cent level with mineral and vitamin A supplments, animals did not attain nonnal growth, 
and reproduction and lactation were unsuccessful. This suggests an inferior quality of protein 
and alM inadequate vitamin E. The contrary observations of Evans and Bun (1927) who, to 
be sure, used a diflerent technique, are iUustrative of the influence of unknown variables. 

liver tissue, according to the same groups of workers, ccmtains considerable amounts of vita- 
mins A and B, but lacks calcium. The protein iqHpears to be of better quality thao that in nmsde 
tissue. Eidney tissue is rather more complete. T^protein is of excell^t quality and the vitamin 
Aeontenthigh. VitarnkB appears to be present in snaller amount than in liver. Thecontentof 
cildum is low. 

The taobgical values of the proteins of muscle, liver and kidtiey on an 8 per cent fevel, as 
determined by Mitdbell (1926, 1926-1927), were 69, 77, and 77 per cent ieQ>ectivdy. Fed on a 
15 per cent kvel with necessary ncm-protdnsupplemmtSiHoagla^ and Snider (192<9 found little 
difoemse between dried ox muscte and Hver when nmaauied by growth. The results of BartWdfl 
(1921, 1924) were at flrst baf^ng but her oondudons were oonflnned by Haasan and Dnanmond 
(1927) with Q>edal emphasb upon the need ct inoeailikg amounts of the heat-ataUe factor of 
vitamin B when protein Intake is kcreased. 
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Expewmental 

Anirnds. The animals, obtained either from our ovm stock or from the 
Albino Supply Company in Philadelphia, usually weighed from 45 to 65 
grams when put on experiment, seldom more. Individual charts were 
made for each animal. These contained the reproductive history as well 
as the growth curve. Females were weighed regularly once a week, preg- 
nant animals every day. Litters were weighed once a week and males once 
in two weeks. The behavior of each litter was carefully noted from birth 
until death or weaning time. This involved daily observation of each 
mother and her young. During the course of the whole experiment, charts 
were made for 648 animals and records were kept of 711 litters. 

Rations. In the first comparative rations it was thought best to supply 
known sources of all the food constituents which were considered to be 
necessary for reproduction and lactation in the rat. The protein was sup- 
plied entirely by the meat, with the exception of the small amount present 
in the yeast which was used as a source of vitamin B. The meat was also 
the only source of vitamin E. Fat, when needed, was supplied by lard, 
carbohydrate by cornstarch, and vitamins A and D by cod liver oil. The 
salt mixture used was that of Osborne and Mendel (1917). The protein 
and vitamin E in the meats thus became the only known variables. 

In the earlier series of experiments, the meats were fed in cooked, dried 
form. The beef round, liver, and kidney were prepared as follows: After 
the removal of all visible fat they were cooked in steam in an autoclave 
at 10 pounds pressure for one hour. They were then ground in a meat 
grinder. The juices collected in the cooking vessels were evaporated to a 
small volume on a water bath and added to the meat which had been par- 
tially dried at a low temperature (not over 40 degrees C). The drying 
was completed at the same temperature and the meats were then ground to 
a fine powder. 

The gross chemical composition of the dried meats was determined by 
analyses of several lots and was as follows: 



Piotdn 

Fat 

Ash 

Bee! round 

74.01 

11.40 

3.69 

Beef liver 

62.00 

10.25 

4.71 

Beef kidney 

70.00 

1L66 

5.12 


Semes I— Modbeate Protein, High Fat 

The first series of rations was planned to contain 15 per cent protein, 
20 per cent fat, and 5 per cent ash and on the basis of the above analysis 
they were constituted as follows: 
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CkWOSITXOK ot Raxiohs in Sbixes 1 
(15% protein, 20% fat, 5% ash) 


Ration No. 

Product (powdered) 

Starch 

Laid 

Saha 

Yeast 

C.1.0. 

120 

Bound 20.3 

52.5 

1S.7 

4.5 

5.0 

2.0 

130 

Uvet 24.2 

49.3 

IS. 5 

4.0 

5.0 

2.0 

140 

Kidney 21.4 

52.1 

15.5 

4.0 

S.O 

2.0 


The 15 per cent protein level was chosen for a beginning because this 
was the lowest level at which McCollum (1921) obtained successful re- 
sults in reproduction and lactation on meat diets. His diets differed from 
ours, however, in several respects, the chief difference being that they con- 
tained 3 per cent of butterfat, no yeast, and no lard. 

In preparing the diets of series I, all of the ingredients were thoroughly 
mixed together in 1 or 2 kilogram lots and placed in open tin cans. As 
long as the food lasted it was exposed to the temperature and air of the 
rat room. As a rule, however, fresh food was made up once a week or 
oftener. No records were kept of food consumption. Food was always 
available to the animals. 

Roundf RaHon 120, The 8 females and 6 males on this ration grew normally, or better, 
without exception, but reproduction was practically a failure. Up to 125 days, only two females 
had borne litters. Soon after this 3 per cent of wheat germ oil was added to the ration as a source 
of vitamin £. All of the females tto haid litters but only 3 had any success in lactation. One 
female with lung disease was anesthetized; the other 4 were given an alcoholic extract of wheat 
enbryo^ to see whether lactation would be improved. It was improved in three of them. The 
results were as follows: 

No, Bom No, lived % Lived 
After oU 68 13 19.1 

After oil & extract 39 25 64.0 

The one female which did not show improved lactation was found to have badly diseased lungs. 

The 6 males all received the 3 per cent oil addition. Only one appeared to infertile and it 
showed testes weights 49 per cent of normal. 

Ten second generation females and 2 males were kept on the ration with the oil addition. 
Their growth was normal or above. However, only 8 females had litters and only 3 had any suc- 
cess in lactation. There were a great many cases of diseased lungs. The males were both fertile. 

Be^ Lfvsr, Ration 130, Two lots of animals were placed on this ration, and as the results 
differed in some respects, the two groups will be consideied separately. 

In the first group of 5 females and 4 males growth was normal or better and in the ha^nxdng 
all animals were fertile. After 175 days, however, fertility ceased, showing a deficiency of 
vitamin E. There was some success in lactation, 39 per cent of the young being weaned, but some 
were underweight 

^ The extract was made as follows : Two liters of 70 per cent alcohol were added to 400 grams 
of ether-extracted wheat embryo in a Florence fiask. The flask was stoppered and thoroughly 
shaken several times a day for five days. The extract was then filtered off with suction and evap- 
orated to about <me-half its volume ly use of an electric fan at room temperature. One-half the 
total volume was used in one Mlo of ration, the extract being poured on starch and allowed to 
mpoxate to dryness before the other ingredk&to i^ Thia extractwasusedaianaddS- 

tioaal so^e of the Vitamin B or perhaps of a new accessory of water-^aoluble nature, 

mentioned by Evans, (1924). 
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At autopsy the parents showed considerable lung disease and a peculiar form of fatty degenera- 
tion of the liver. The tissue had a yellow mottled appearance and was tough and fibrous. Three 
of the males showed degeneration of the testes. The second generation animals were all sterile 
but showed no apparent liver changes. 

The second group of animals showed better growth than the first and fertility was maintained 
a little longer, but lactation was not so successful, only 8 per cent of the young surviving. At 
autopsy the animals showed considerable lung disease but the abnormal liver condition was not 
found. One male and one female of the second generation were kqpt on the ration and both were 
Sterile. 

Be^ Kidney, Ration 140, The 8 females and 5 males on this ration showed a growth rate which 
was normal or above. At the end of 125 days only 4 of the females had reproduced and none of the 
young had been raised. Since there was an apparent deficiency of vitamin £, 2 per cent of wheat 
germ oil was added to the ration. Five of the females then had litters but 2 remained sterile and 
another became so. The reason for this failure to respond to wheat germ oil was probably the fact 
that the females were mated with a male which was later found to be sterile. One of them was 
also found to have ovarian disease. There was some success in lactation following the oil addi- 
tion, 41.7 per cent of the yotmg being weaned. 

Eight second generation females and 4 males were kept on the ration with the 2 per cent oil 
addition. All but one female grew very well but reproduction was not uniformly successful. 
Three females were sterile but this may have been due to the fact that they were mated with males 
whose fertility was questionable. 

Lactation was a complete failure in two animals but fair in others, 25.7 per cent of the young 
bom surviving and making unusually good growth. 

Three females and one male from the third generation were kept on the same ration but all 
were sterile. 

Discussion of Rations in Sekies I 

Of the meat rations, that containing liver was easily the best so far as 
reproduction was concerned, but even here it failed before the end of the 
first generation. Since the addition of wheat germ oil greatly improved the 
reproductive eflSciency of the muscle and kidney rations, it is reasonable to 
conclude that vitamin E was the limiting factor in the liver ration also. 
Practically the same amount of lard was present in each of the three rations, 
hence the superiority of liver must have been due to some quality of the 
liver itself. The influence of lard will be discussed later. 

None of the rations in this series was very successful for lactation. Liver 
at first appeared to be superior, as 39 per cent of the young of the first 
group were weaned. In the second group, however, only 8 per cent lived. 

The addition of the alcoholic extract of ether-extracted wheat germ ap- 
parently improved lactation on the muscle diet and from the work of 
Evans and Burr (1928) and Sure (1927, 1928) it seems probable that the 
effective substance in the extract was vitamin B, particularly the heat- 
labile fraction, which was described by Smith and Hendrick (1926), Gold- 
berger (1926), and others and which eventually will probably be called 
vitamin B or B,.* Wheat embryo has been found by Chick and Roscoe 

* Following the recommoidation of tbe Committee on Vitamin B terminology appointed by 
the American Society of Biological Cbemiata (Science, 1929, LXIX, 276). 
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(1927) to be rich in this heat-labile factor and poor in the heat-stable fac- 
tor (G or Bi). Yeast contains both factors, but Evans and Burr (1928) have 
found that it requires 15 per cent of brewer’s yeast to proride enough of 
each for lactation. Liver and kidney are known to contain more of the 
vitamin B complex than muscle, and it is probable that the method of 
preparing the meats in dry form greatly reduced the amount of vitamin 
B (antineuritic) in muscle so that the 5 per cent of yeast was no longer 
adequate. Hence the effectiveness of the wheat embryo extract. Un- 
fortunately it was not used as a supplement to the liver and kidney ra- 
tions, and these tissues as well as many other foods must be restudied in 
view of the composite nature of vitamin B. 

ErxECT or Use of Speoal Salt Mdctore 
IN Liver Ration 130 

The effectiveness of certain mineral additions to milk diets in promoting 
reproduction and lactation (Daniels, 1925) suggested the substitution of 
a special salt mixture* containing these minerals in the best ration of this 
series (liver). 

Beef Liver, Ration 130S. The liver diet was not improved in any way by 
the special salt mixture. Six females and one male were placed on the ra- 
tion. The 3 females which were first mated with this male had one litter 
each but the others which were mated with second generation males from 
ration 130 were sterile. Lactation was a failure. 

Series II— High Protein, High Fat 

The rations in Series II were made to contain 20 per cent protein with 
the idea that by increasing this constituent and at the same time the other 
constituents of the meats, the deficiencies apparent in Series I might be 
overcome. The rations were as follows: 


' Tlie Mlt miztnre, mmUfied ixoa Oibome «n4 Mendel (191$) wmpriged the folioiiiiig: 



gns. 


gms. 

CaCX>« 

539.2 

CStiic add (<fay} 

406 

MgCOi 

96.6 

Inmdtnte 

25.36 

NaiCOi 

136.8 

SI 

1.4 

KiCOi 1-1/3 00 

675.6 

MaSQiOO 

8.7 

65% 

284 ec. 

l&F 

8.5 

C(»>c.HCl 

504 cc. 

Ahm 

4.2 

0»c.H)SQ| 

21 ec. . 


25.0 
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CoicposiTioN or Rations in Sesies II 
(20% protein, 20% fat, 5% ash) 


Ration No. 

Product (powdered) 

SUrch 

Lard 

Salts 

Yeast 

C.1.0. 

121 

Round 27.0 

46.6 

14.9 

4.5 

5.0 

2.0 

131 

Liver 32.2 

42.1 

14.7 

4.0 

5.0 

2.0 

141 

Kidney 28.0 

46.3 

14.7 

4.0 

5.0 

2.0 


Serf Raundi Raii(m 12L The 8 females and 5 males on this ration showed growth which was 
above normal. The females all had litters but in only one case did fertility continue after 
the animals were 175 days of age. Lactation was only slightly successful, 10.8 per cent of the 
young being reared. Two of the males were discarded early in life. Of the other 3, two were 
sterile and one was questionable. 

Six females and 2 males were carried through the second generation. Growth continued to be 
excellent but reproduction was a complete failure. 

It is therefore evident that the presence of enough muscle tissue to make 20 per cent protein 
provided for some success in reproduction and lactation in the first generation but none in the 
second. Vitamin E was deficient to judge from the improvement in reproduction which was 
obtained when wheat germ oil was added to ration 120 containing 15 per cent of muscle protein. 
Vitamin B was but slightly increased in ration 121. 

Bee/ Liver f Ration 13L The seven females and 6 males placed on this ration all showed a 
growth considerably above normal. As in the case of the ration containing 15 per cent liver pro- 
tein the animals were at first fertile. However, after the females were 175 days of age no Utters 
were bom. Lactation was improved to some extent, 50.6 per cent of the young surviving. 

The ten females and 4 males of the second generation were all sterile. 

Increasing the protein to 20 per cent thus apparently had little effect in improving reproduc- 
tion, but caused some improvement in lactation, suggesting an increased vitamin B supply. 

Beef Kidney^ Ration 14 L Nine females and 5 males were placed on this ration. Growth was 
above normal but continued reproduction was not secured. At the age of 175 days 2 per 
cent of wheat germ oil was added to the ration, but with little effect, as the males had already 
become sterile. The few litters which were bom were the result of mating with colony males. 
There was no success in lactation before the addition of wheat germ oil, but of the ten young 
bora afterward, five lived. These made exceptionaUy good growth. 

No second generation animals were continued on the ration. 

Increasing the protein content of this kidney ration caused a slight improvement in reproduc- 
tion but none in lactation. 

Discussion of Rations in Semes II 
(See Table /, page 500) 

All of the animals on the Series II rations were obviously suffering from 
a deficiency in vitamin E and it is unfortunate that in several instances 
this was suf^lied too late in the life of the male animals. Their sterility had 
become incurable, as happens after about 150 da 3 rs, and sometimes earlier, 
according to Mattill (1924) and Evans and Burr (1927). 

As a result of recent experimentation by a number of workers it seems 
very pFobtd}le that the defidency in vitamin E in the rations of both 
Series I and II may be partly accounted for by the presence of the unsatur- 
ated apimal fats, lard and cod liver oil. Anderegg and Nelson (1926) dem- 
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onstrated that with the developxnent of rancidity, fats have a destruc- 
tive effect on vitamins which is assodated with process^ of oxidation. 
Ferrous sulphate also has a catalytic effect on oxidative processes, as was 
demonstrated by Simmonds, Becker, and McCollum (1927). The function 
of wheat germ oil in a ration is apparently that of an antioxidant as wdl 
as a source of vitamin £. Mattill (1927) thinks that a possible explanation 
for this protective action of wheat germ oil is found in the experiments of 
Holm (1927) to the effect that the OH group has a very powerful retarding 
action upon oxidation. It thus appears that the degree of success in re- 
production on a ration may be a measure of its ccmtent of antioxidants, 
when such a ration also contains auto-oxidizable fats. 

Since the 5 per cent increase in muscle protein was most effective in im- 
proving reproduction, it might be argued that muscle contains more anti- 
oxidant than kidney or liver, a statement which agrees with Evans’ ob- 
servations on the distribution of vitamin E in these same tissues. 

As regards lactation, liver took first place, followed afar by muscle and 
kidney. The kidney ration, like that in Series I, was of no value for lacta- 
tion until after the addition of 2 per cent of wheat -germ oil. It would seem 
that dried beef kidney may contain a considerable amount of the heat- 
labile vitamin B. In the presence of sufficient vitamin E, this becomes 
available for lactation. 

The protein of kidney is apparently of unusually good quality for growth. 
The young rats on ration 141 were of very large size at weaning time. 

Semes III — Medittm Protein, Low Fat 

With the object of further testing the deleterious effect of lard in rat 
diets. Series III rations were prepared. They contained, as shown below, 
a quantity of fat (10 per cent) more nearly like that usually present in 
human dietaries and slightly more than half of this was lard. 


CcnoosmoK or Rahohb xh Sekies m 
(15% piotein, 10% ftt, 5% uOt) 


Ration No. 

Product ^wwdeied) 

Starch 

Lard 

Salts 

Yesst 

CJLo. 

123 

Sound 20.3 

62.5 

5.7 

4.5 

5.p 

2.0 

133 

Liver 24.2 

59.3 

S.S 

4.0 

5.0 

2.0 

143 

Kidney 21.4 

62.1 

5.5 

4.0 

5.0 

2.0 


EaUau 12S, 133, 143. It mw eq>ected Hat these time ntlou wqild Bt lent tbe thne. 
concepondi^ntioiis in ISeries I. It Unthei difficult to ineltc a (Btectcomperisonexc^ in the 
cese of the liver rations, oaing to the het tint ndffitionsof nheet gmn oil were made so eariy 
hithecaieeroftheaniBudsontaticnel20(iDiaid)andl400dditty). It is posrible, however, to 
tempaie the lestths of tiw two aeries op to the time tlM atdmals were ISO dqm of ate, as follows: 
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Ration 

No. bom 
per Female 

Percent 
which lived 

Round 120 

1.4 

0 

123 

4.4 

0 

liver 130 1st lot 

6.0 

50 

130 2nd lot 

9.3 

10.7 

133 

2.4 

0 

Kidney 140 

2.3 

0 

143 

4.6 

0 


There was a slight improvement in reproduction on round and kidney 
following the decrease in fat. Results on liver were not so good and there 
seems to be no way of explaining this fact. Lactation was a complete fail- 
ure in the case of all three rations. One may conclude therefore that in a 
ration containing IS per cent of protein and 10 per cent of fat, part in the 
form of lard and cod liver oil, neither beef round, nor liver nor kidney is 
adequate for reproduction and lactation. 

Series IV— High Protein, No Added Lard 

The results secured in the rations of the first three series naturally led 
to a fourth containing 20 per cent of protein and no added fat except 2 
per cent of cod liver oil to supply vitamins A and D. 


Composition op Rations in Series IV 
(20% protein, no lard, 5% ash) 


Ration No. 

Product (powdered) 

Starch 

Salts 

Yeast 

C.I.O.* 

124 

Round 

27.0 

61.5 

4.5 

5.0 

2.0 

134 

Liver 

32.2 

56.8 

4.0 

5.0 

2.0 

144 

Kidney 28.0 

61.0 

4.0 

5.0 

2.0 


* Added daily after 135 days. 

Bee/ Round, Ration 124. The 8 females and 3 males on the ration all showed growth which 
was normal or above. Before the cod liver oil was added daily, only 4 of the females had litters. 
Afterward all were fertile. Of the young bom, 16.5 per cent lived. The 3 males all remamed fer* 
tile. 

Five second generation females and 2 males were kept on the ration. Growth waa normal or 
above and fertility continued. None of the 3 females had Utters up to the age of 125 days, but 
all were fertile later. Lactation was improved, 51 per cent of the young bom now surviving. 

Three females and one male from the third generation were kept on the ration. Their growth 
was normal, but owing to shortness of time they were anesthetized at 155 days of age, before re- 
production had begun. 

Be^ Urn, Ration 134, Most of the 9 femdes and 3 males on this ration showed growth which 
was above normal. Two of the females were infertile and one died at the birthof her first litter 
befm the cod Uver oti was added daily. Afterward, the 8 living females all had litters. One, 
which showed poor fertility, had an infected uterus. Sixteen and one-tenth per cent of the young 
bom were weaned, the nuto all remained lertik. 
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Six aecond-feiiemticm females and thmioak^ Gmwthim not quite 

ao good and only thiee fenudes were fertile. Of the young bom, 27.7 per cent were weaned. At 
autopsy two of those which were infertile showed no scars on the uterus, proving that they had 
never been pregnant. Two of the females also showed idight indication of a fatty degeneration of 
the liver, siinilar to that which was noted in the first group of animals on ration 130. 

Be^ Kidney, RaUen 144. Growth on this ration was above normal in most cases. Three of 
the 8 females were sterile before the cod liver dfi was added daily, but afterward aU were fertile. 
Reproduction was not so good, however, as on rations 124 and 134, and only 6.8 per cent of the 
young bom were weaned. The animals showed considerable lung disease at autopsy, which may 
partly account for the poor results. The 3 males were all fertile. 

Five females and 2 males from the second generation were kept on the ration. Only one female 
was fertile but embryos were present in 3 others at autopsy. Ihe one fertile female raised one litter 
of seven and lost one. The males were both fertile. 

One male and one female were kept from the third generation. *1116 female was anesthetised 
at the age of 87 days but showed 9 half-grown embryos. 

Discussion or Rations in Seioes IV 

The marked improvement in reproduction following the removal of 
lard from the rations and the addition of the cod liver oil daily is plainly 
shown in Table I, in which the results on the rations of Series II and IV 


TabixI 

CoupAsisoN or Results in Sxsies n and IV 


« . No. 

females 

Av.ageat 
birth first 
litter 
days 

Av.No. 
lit. per 
female to 
255 days 

Av. No. 
bom 
per 
female 

Percent 

that 

lived Remarks 

121, Round, lard +c.l.o 

8 

112 

2.0 

11.5 

10.8 

2nd generation sterile 

124, Round, no lard, c.l.o 
after 135 days 

8 

121 

2.9 

23.0 

11.8 

2nd generation fertile 

121, Liver, lard+c.l.o 

7 

100 

1.9 

11.3 

50.6 

2nd generation sterile 

134, Li vcr, no lard, c.Lo 
daily after 135 days 

9 

117 

2.9 

19.1 

12.2 

2nd generation 50% 
fertile 

141, Kidney, lani+c.l.o. 

8 

121 

1.4 

3.1 

0.0 

No 2nd generation 

144, Kidney, no lard, 
c.1.0. daily after 135 days 

8 

149 

2.3 

14.5 

7.7 

2nd generation partly 
fertile 


ate compared. The contrast in results in the second generation is par« 
ticularly stnking. Lactation was also improved in the Series IV rations 
containing round and kidney but not in the one containing liver. 

Series V— High Protein, Test FOR ViTAiaN B 

The rations of Series V weie d^[ned to indicate the relative vitamin 
B content of the dry meats used, and 8in<» musde is already known to be 
a poor source of vitamin B (Osborne, 1917, 1918) it waS omitted from 
the seiies, whose composition was the following: 
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CoMPOSiTioK 07 Rations in Series V 
(20% protein, no lard, no yeast, 5% ash) 


Ratio&Ko. 

Product (powdered) 

Starch 

Salts 

C.I.O.* 

135 

liver 32.2 

61.8 

4.0 

2.0 

145 

Kidney 28.0 

66.0 

4.0 

2.0 


* Added daily after 125 days 

Be((f Liver f Ration 135. The 8 females and 3 males all showed exceptionally good growth. They 
were all fertile and the females had repeated litters but very little success in lactation. Only 2.6 
per cent of the young bom were weaned. Two of the animals showed badly diseased lungs at 
autopsy and 2 had inflamed intestines. 

Of the 3 second generation females, only one was fertile and this animal had some success in 
lactation. One of the 2 second generation males was sterile, which accounts for the failure of 
the other 2 females to reproduce. 

Betf Kidney^ Ration 145. Growth was not quite so good as on the liver ration. The 8 females 
were all fertile but nearly all had thdr first litters late and 3 were infertile late in life. Only 4.8 
per cent of the young bom survived. The two second generation females and one male were all 
fertile. 


Discussion of Rations in Series V 

It would appear that dried kidney contains a little less vitamin B 
than dried liver. The fact that all of the animals made normal growth 
shows, however, that liver and kidney both contain sufficient vitamin B 
for normal growth when fed at a 20 per cent level 

Since the requirements for vitamin B are so much greater for lactation 
than for growth, the effect of removing the yeast from rations 134 and 144 
is evident in the animals on series V rations. 

Rations 134, 135, 144 and 145 are compared in Table II. In the Series 


TabieII 

REStTLTS WITH AND WITHOUT YeAST 


Ration 20% prot. 
no lard, c.l.o. 
daily alter 135 
days 

No. 

females 

Av. age 
at birth 
1st lit. 
days 

Av.No. Kt. 
per female 
to 255 days 

Av.No. 

bom 

per 

female 

Percent 

that 

lived 

Remarks 

134, 50% yeast 

9 

117 

2.9 

19.1 

12.2 

2nd generation 50% 
fertile 

135, No yeast 

8 

92 

4.3 

28.5 

1.3 

2nd generation partly 
fertile 

144, 50% yeast 

8 

149 

2.3 

14.5 

7.7 

2nd generation partly 
fertile 

145, No yeast 

8 

185 

2.5 

19.0 

4.6 

2nd generation fertile 


V rations there is an increase in the number of young bom but a distinct 
decrease in the per cent of young which were weaned. 
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Skwes VI— High Peotein, Test eos Vitamin A 

The rations of series VI were planned for two reasons. First, it seemed 
desirable to make a comparison of the protein foods for vitamin A con- 
tent. Second, since the addition of the cod liver oil daily to the rations 
of Series IV and V had such a beneficial effect on reproduction, it seemed 
desirable to omit it entirely, relying on the protein foods themselves for 
vitamin A and radiating* the animals to provide vitamin D. Since beef 
muscle is known to be low in vitamin A that meat was omitted from the 
series. The rations were as follows: 


CouFosinoN OP Rations in Sebies VI 
(20% protein, no lard, no c.l.o., 5% ash) 


Ration No. 

Product (powdered) 

Starch 

Salts 

Yeast 

136 

Liver 32.2 

58.8 

4.0 

5.0 

146 

Kidney 28.0 

63.0 

4.0 

5.0 


The animals in this series showed tmusual success in reproduction but 
not in lactation. In the attempt to determine the missing factor or factors, 
an addition of 2 per cent of wheat germ oil was first made to the rations 
at the time the animals were about 175 days of age. A little later 3 per cent 
more of yeast was added, making a total of 8 per cent. The results of 
these modifications will be taken up in the discussion of each ration. 

Beef Liver f Raiion 136, The 9 females and 3 males on this ration nearly all showed growth 
which was above normal. Three of the females had no litters before the oil addition and one was 
sterile throughout life. Only one litter of two was raised before oil. After oil and yeast the same 
female raised a litter of seven. Oil alone cannot be said to have improved lactation. Af- 
ter the yeast addition, 3 females together raised 11 young. Two of the males were fertile but one 
was questionable. At autopsy 2 of the animals were shown to have slight fatty degeneration of 
the liver, similar to that found in the first lot on ration 130. Three had badly diseased lungs. 

The two females and one male from the second generation showed very good growth and all 
were fertile. One female raised a litter of 4 following oil and yeast. 

Beef Kidney, Ration 146, The 8 females and 3 males on this ration all showed growth above 
normal. All but 2 of the females were fertile before the oil addition. One of the 2 which were 
sterile before oil, had lung disease and was anesthetized. The other had a litter following the <dl. 
The remaining 6 had Treated litters of large size but only 2 raised young. There was no improve- 
ment after oil alone, but after oil plus yeast, 2 females together raised 15 young. Results might 
have been better had there not been so much lung disease. 

Discussion ot Rahons in Series VI 

Interpretation of results on the rations of this series is complicated 
by the fact that infections were so prevalent among the animals. This 
susceptibility to disease has been noted by a number of workers to exist 
among an imals deprived of adequate amounts of vitamin A (Steenbock, 

* The animals ware ia(£ated twice a week for 3 misiutes at a distance three feet Thelamp 
used was a Hanovla Quartz Mercury Arc. 
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1923; Sherman, 192S). One fact is very evident, however, that by omitting 
cod liver oil entirely, ration 146 was made better for reproduction than 
ration 144, which contained cod liver oil. The improvement was noted 
especially in the average niunber bom per female and in the average num- 
ber of litters per female up to the age of 140 days, as shown in Table III. 


Table III 

Results with and without Cckd Livex Oil 


Ration 

No. 

females 

Av. age 
at birth 
1st lit. 
days 

Av. No. lit. 
per female 
to 140 days 

Av. sice 
litter 

Av. No. 
bom 

per female 

Percent 

that 

lived 

134, Liver, +c.l.o. 

9 

117 

1.20 

6.4 

7.7 

0.0 

136, Liver, no c.l.o. 

9 

114 

.78 

8.0 

6.2 

3.6 

144, Kidney, -fc.l.o. 

8 

149 

.87 

6.9 

6.0 

0.0 

146, Kidney, no c.l.o. 

8 

106 

1.40 

9.1 

12.5 

8.0 


The animals on ration 136 were no more fertile than those on 134. The 
comparison can be carried only up to the time the animals were 140 da)^ 
of age, on account of the fact that wheat germ oil was added to the rations 
of Series VI when the animals were about that age. 

It was rather surprising that reproduction was better on ration 146 
than on 136 and there seems to be no explanation for the fact except that 
kidney protein is superior to liver protein. 

Lactation was practically a failure on the rations of this series. The 
reason for this is a matter for speculation. The animals seemed to have 
enough vitamin A for growth and reproduction but it may be that an 
additional supply is needed for lactation, as is true of vitamin B, especially 
the heat-labile fraction. The fact that so many of the females had diseased 
lungs may also account for the poor lactation. Table III really gives a 
wrong impression as to the success in lactation on rations 134 and 144, 
since the figures were compiled before the females had borne very many 
litters. As will be seen from Table III, there was some success in lactation 
on these rations. However, that function was not nearly so good as it 
should have been, and it is very probable that those rations would have 
been improved for lactation by the addition of more yeast, just as the 
Series VI rations were. 

If freedom from infection on a ration is an indication of the presence of 
adequate amounts of vitamin A, it can be sud that ration 136 (liver} 
appears to have contained a little more than the other rations in the 
series. Hys agrees with the work of Sherman and Boynton (1925). Those 
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workers state that rat liver contains 200 to 400 times as muck vitamin A 
as rat muscle* 


Semes VII— Raw Protein, No Added Lard 

Finally, in order to determine whether cooking has any detrimental 
effect on the nutritive value of the meats, it was thought desirable to try 
a series of rations containing them in the raw condition. In planning 
the rations it was decided that as much of the raw meats should be used 
as would be necessary to provide IS per cent of protein if they were in the 
dry form. The amounts of the other constituents were then calculated 
by assuming that the meat was dried. The rations were as follows: 

COKFOSITIOK OV RATIONS IN SERIES VII 
(15% uncooked piotein, no lard, 5% ash) 


Ration No. 

Raw protein 

Starch 

Salts 

Yeast 

C.1.0* 


Food 

gms. 

gms. 

gms. 

gms. 

gms. 

127 

Round 

71.4 

68.2 

4.5 

5.0 

2.0 

137 

Liver 

68.2 

64.8 

4.0 

5.0 

2.0 

147 

Kidney 

87.2 

67.6 

4.0 

5.0 

2.0 


♦ Daily 

In feeding these rations, the raw meats plus the cod liver oil were added 
daily to the dry basal mixture, which was made up in large quantities. 
The meats were first carefully freed from visible fat and ground finely in 
a meat grinder. 

Beef Round, Ration 127, All but one of the 8 females and all of the 3 males on this ration 
showed normal growth up to 100 da 3 rs of age, but after diat time several showed a decline. Re> 
production records were poor. Four of the females were infertile, one had 2 litters, and the other 
3 had one litter each. These results in the females may have been partly due to the males, 2 of 
which were apprently infertile, although their testes were 85 and 88 per cent of the normal weight. 
Many of the animals showed lung disease. 

liver, Ration 137. Growth on this ration was normal, or above, with one exception. 
Two of the 8 females were infertile. Both of these showed badly diseased lungs and one al^ had 
a diseased liver and uterus. In fact, all but one of the animals on this ration developed some lung 
disease. Two of the 3 males proved to be infertile, which parfially accounts for the poor fertility 
of the females. The growth of the one fertile male was unusually good and this animal was free 
from infections. Lactation was fair, 30 per cent of the 56 young surviving. 

Two females and one male from the second geaeration were kept on the ration. Growth was 
above normal but the animab had to be discarded before the reproductive period had begun. 

Beef Kidney, Ration 147, The 9 females and 3 males on this rational showed excellent growth. 
The females were all fertile but the records of three were poor, due to the fact that they were 
matedwith the one male which proved to be infertile. A of UO young were bom, of sriiidi 
33 per cent were weaned. 

Five females and 3 males from the second generation wm kept on the ration. Two the 
females had Htters and 2 of the males were ihowh to be totile. The others were anesthetiaed 
while still too young for rq>rodiictioii. 
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Discussion op Rations in Series VII 

The poor results on raw beef muscle were probably partly due to the 
large amount of tough connective tissue, which caused poor assimilation 
of the meat. At least this explanation is suggested by the work of Mitchell 
(1927), who found that the feeding of connective tissue with the muscle 
tissue of pork tenderloin caused a depression in the biological value of 
the enderloin. It was expected that this ration would show considerably 
better reproduction than ration 120, which also contained 15 per cent 
protein with added lard and cod liver oil mixed into the ration. Such was 
not the case, however. 

Reproduction on ration 147 (kidney) was considerably better than on 
137 (liver), and here again the most probable explanation is that kidney 
protein is superior to liver protein. Moreover, this superiority possibly 
appears to better advantage in the raw meats than in the cooked and dried 
preparations. 

A comparison of the liver and kidney rations of Series I and VII, up 
to the time the animals were ISO days of age, gives results as follows: 


Ration 

Av. No. bom per Female 

Per cent which lived 

Liver 130 (1st lot) 

6,0 

50.0 

130 (2nd lot) 

9.3 

10.7 

137 

4.1 

30.3 

Kidney 140 

2.3 

0.0 

147 

5.8 

19.2 


It is difBcult to explain why reproduction on ration 137 was not so good 
as on ration 130. It can be said, however, that considering the first and 
second generation animals throughout life, ration 137 was better because 
fertib'ty lasted longer. The second generation male on ration 137 had 
normal testes weight, while the second generation males on ration 130 
all showed degeneration. 

Ration 147 was considerably better than 140, both for reproduction 
and lactation. The difference in lactation is no doubt partly due to the 
fact that in ration 140 there had been some destruction of vitamin B in 
the preparation of the dried kidney. The fact that the second generation 
animalB on ration 147 were fertile is another point in favor of this ration. 
This was probably the r^ult of omitting the lard and cod liver oil from 
the main bulk of the food. 

Summary and Conclusions 

In this comparative study, beef round, liver and kidney, in both cooked 
and raw forms, were fed to rats in order to determine the relative efficiency 
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of these foods as sooim of protein and acGessories, primarily for repro- 
duction and lactaricm. The rations contained sufficient amounts of the 
meats being tested to supply 15 and 20 per cent protein. Various supple- 
ments were used, depending on the particular food constituent being tested 
for. 

Variations in the proportions of protein and fat in the ration involved 
changes in the amount of lard used as a source of added fat. Rations in 
which lard was omitted entirely, proved better for reproduction than those 
which contained even a small amount. Cod liver oil was also found to 
have a detrimental effect on reproduction when mixed into large quan- 
tities of the rations. Therefore, in all of the later rations this oil was 
other added daily to small amounts of the rations or omitted entirely 
and partly replaced by radiation. 

When no supplements of vitamin £ were made, the meats themselves 
being relied upon as a source of this vitamin, the rations, containing only 
15 per cent of protein with lard and cod liver oil, thus contained two 
variable factors since these added fats had a destructive effect on the 
'ritamin. This made the interpretation of results as to the relative value 
of the proteins, as such, rather difficult. When, however, vitamin E 
was supplied in adequate amounts, the superiority of kidney protein 
seemed to be clearly indicated. Liver protein ranked next, and muscle 
last. 

When the difference in the quality of the proteins was largely ruled 
out by feeding them at a 20 per cent level, the vitamin E content of the 
dried meats was found to decrease in the following order: Round, liver, 
kidney. 

It seems probable that 5 per cent of yeast does not provide enough 
vitamin B (or Bi) for highly successful lactation in those rations containing 
dried meats. This was indicated by the fact that lactation on ration 120 
(muscle) was distinctly improved by addition of the alcoholic extract of 
ether-extracted wheat embryo, which is rich in vitamin B (or Bi). Ad- 
ditional yeast, together wiUi wheat germ oil, also caused improvement 
in lactatkm on rations 136 (liver) and 146 (kidney). The superiority of 
liver over the other meats for this function was no doubt due to its content 
of vitamin B, particulariy the heatdabOe fraction. 

It is thus ffifficult to say whidi of the three meats is best for reproduction 
and lactation, unless it is spedfied in what fcam and amount the food is 
to be fed, imd with what supfdlemoits. If fed in the dried form at a 20 
per cent protein level in a ration containing no substances which would 
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have a destructive effect on vitamin E, beef round probably requires 
supplements of minerals and vitamins A, B, and D. Beef liver and kidney 
probably require in addition a supplement of vitamin E. In the raw state 
beef round is not easily assimilated by rats, but liver and kidney appear 
to have a higher food value when raw than when cooked. 

It is not known whether cooking has any detrimental effect on the pro- 
teins of meat, but a large part of the vitamin B (antineuritic) must be 
destroyed. Of the raw meats, kidney would seem to require the fewest 
supplements for successful reproduction and lactation. 

The author wishes to acknowledge her indebtedness to Professor Henry 
A. Mattill for helpful advice throughout the work. 
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POSITION OF THE BODY FAT OF THE 
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T EIE influence of the fat of the diet on the composition of mam- 
malian body fat is now generally recognized. Excellent reviews 
of this subject are given by Leathes (1) and by Lewkowitsch (2). While 
in general the fat from animals of the same species is fairly typical, this 
is due more to the fact that individuals of the same species live under 
similar conditions of diet and environment. Changes in these, particularly 
in the diet, may profoundly alter the composition of the body fat. The 
earlier work on tWs subject will not be reviewed here. However, several 
investigations pertaining thereto have appeared recently. Ellis and 
Isbell (3), in a study of the soft pork problem, produced lards with iodine 
numbers of 52 to 97 by the use of controlled experimental diets. The feed- 
ing of soy bean and peanut oils produced especially unsaturated fats. 
Anderson and Mendel (4), in a detailed investigation of the effect of diet 
on the body fat of white rats, obtained specimens of fat with iodine num- 
bers from 55 to 93. They found, in agreement with earlier investigators, 
that previous depletion of the store of body fat by starvation resulted 
in greater changes. Eckstein (5) studied the effect of flve diets on the 
composition of the lipids of the white rat and obtained lipids with iodine 
numbers from 47 to 88. Myiistic and oleic acids from the diet were 
deposited while butyric add was not. 

In a previous report from this laboratory (6) it was shown that when 
a diet containing 20 per cent whale oil was fed to the white rat, equilibrium 
was established between the diet and the depot fat in from four to six 
weeks. The presence of increased amotmts of highly imsaturated fatty 
adds in the stored fat was demonstrated by means of their ether-insoluble 
bromine addition products. Unfortunately, the whale oil used gave 
brondd^ which contained very dose to the theoretical amoimt of bromine 


509 



510 


OIL IN DIET OF WHITE RATS 


Vol. n, ITo. 5 


for octobromoarachidic acid (67.78 per cent) so that it was uncertain 
whether the acid dqposited was arachidonic acid, or a mixture of the whale 
oil acids. Usually the fish oil fatty acids 3 ddid bromides which contain 
about 2 per cent more bromine (69-70 per cent) than octobromoarachidic 
acid. Hence they may be distinguished readily from arachidonic acid. 
Since they apparently are deposited without difficulty in mammalian fat 
and are detected easily, fish oils may be used in studying certain phases of 
fat metabolism. 

The amount of arachidonic acid present normally in the body fat of 
the white rat is very small (5), not over a fraction of a per cent. In several 
instances in this laboratory, specimens of normal rat fatty acids have 
yielded no ether-insoluble bromides, thus showing the absence of this 
acid. 

In the present work, the effect of varjring amounts of menhaden oil 
in the diet of white rats on the composition of their fat has been followed. 
Menhaden oil contains acids of the Ci», Cw, Cjo and Ca series with from 
three to six double bonds (7). The oil used in this experiment was pur- 
chased on the market as refined menhaden oil and had an iodine number 
of 169.7. Its fatty acids gave 54.8 per cent of their weight of ether-in- 
soluble bromides, containing 69.14 per cent bromine. When the rats were 
fed diets containing 0 to 30 per cent of this oil, increasing amounts of 
highly unsaturated acids were deposited in the body fat, the results 
showing 1.3 per cent in the controls on a diet containing 10 per cent olive 
oil, to 17.2 per cent in the rats on 30 per cent menhaden oil diet. In every 
instance the bromides isolated from the depot fatty acids contained more 
bromine than those from the acids of the original oil, the excess being 
sufficient to suggest either that the more unsaturated fatty acids of higher 
molecular weight were selectively deposited or that desaturation took 
place in the body. 

EXPESniENTAI. PART 

Description of ExperimefU. Six groups of seven adult rats each were 
partially starved over a period of four weeks by feeding insufficient 
amounts of the following control mixture, — 


Whole wheat flour 

653 gms. 

Casein 

160 

u 

Milk powder 

160 

u 

NaQ 

11 

a 

Chalk, predpitated 

16 

u 


To each kilogram of dry mixture was added 4 cc. df cod liver oil ajnd 
sufficient water to make a workable dough. The dough was spread in thin 
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layers and partially dried in ur. The small amount of cod liver oil, added 
for its vitamin content to the basal mixture, was believed to be insignifi- 
cant so far as its effect on the body fat was concerned. In the light of the 
results shown by these experiments, however, this oil may account for 
part at least of the 1.3 per cent unsaturated acids found in the depot fat 
of the control animals. At the end of the period of partial starvation, the 
six groups were placed on the diets described in Table I. The diets 


Table I 


Diet 

Per cent 

Wtdry 

mixture 

WtOil 

Wt. Water 

Per cent 
total calories 
as fat 


grams 

grams 

grams 


control 

1000 

111 oHveoil 

400 

22 

5 

1000 

52.6 menhaden oil 

450 

12 

10 

1000 

111 

400 

22 

IS 

1000 

176.4 « 

400 

31 

20 

1000 

250 

350 

39 

30 

1000 

428.6 ** " 

300 

52 


were kept cold and protected from oxidation as much as possible. To be 
more certain that oxidation did not occur, during the latter part of the 
experiment each diet was prepared every other day in sufficient quantities 
to be consumed relatively fresh. A record was kept, so far as possible, of 
the amount eaten by each group of rats during six weeks of feeding, these 
data being given in Table II. 


Table II 

Food and Oa Consoiibiion 




5% 

10% 

15% 

20% 

30% 

Total weight eaten, gms. 

3942 

3692 

4098 

3970 

3093 

2458 

Weight eaten on dry basis, gms. 

2838 

2547 

2950 

2858 

2381 

1969 

Weight of menhaden oil consumed 

283 

127 

295 

428 

476 

590 


(Control olive oil) 


The weight changes during the course of the experiment are given in 
Table IH. 

The physical condition of all of the rats at the end of the experiment 
was good. No evidence of any deleterious effects was observed even in 
the 30 per cent diet, in wMch over half of the total calories ingested were 
derived &om menhaden oil. During the period no general increase in 
weight ma observed. 
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TaioxIII 

AyNMBiB Chamoes in Wqokt siTBiNo Exeebikenx 


Average freight 

Control 

s% 

10% 

15% 

20% 

30% 

Atb^pbning 

224 

22Q 

grams 

228 

237 

232 

229 

After four weeks partial 
starvation 

197 

176 

186 

198 

205 

201 

After one week on diet 

230 

203 

221 

221 

230 

207 

After six weeks on diet 

231 

209 

238 

229 

237 

225 


Results or Feedino Menhaden Oil 

At the end of the period of experimental feeding, five rats from each 
group were killed with chloroform, skinned, and the body fat, including 
that in the abdominal cavity, was removed and rendered by heating in a 
small flask at 130® for an hour under reduced pressure. The fat was taken 
up in ether, and the residue groimd up and extracted with ether. The 
ether was removed by warming under reduced pressure. The product 
was kept in a small bottle under carbon dioxide. The oils were pale 
amber colored. On standing at room temperature, stearin settled out, 
the largest amount forming in the 5 per cent diet. 

The oils were analyzed by the usual methods. For iodine number the 
Hanus method with one-half hour reaction was employed. The poly- 
bromide number was determined by brominating a 2 to 3 gram sample of 
oil or fatty adds in a weighed 50 cc. centrifuge tube in cold dry ether. 
An excess of bromine was added slowly, and the reaction allowed to stand 
at least four hours. The ether was removed by centrifugation, more ether 
was added and the bromides thoroughly stirred, and the tube again 
centrifugated. This washing was repeated four times, and the final pro- 
duct, consisting of pure white bromides, was dried at 50® and weighed. 
Bromine was estimated by the Parr peroxide bomb method. The per 
cent of highly unsaturated fatty adds found in the fatty acids was cal- 
culated by a method described previously for arac^donic add (8). The 
polybromide number of the pure highly unsaturated adds of menhaden oil 
has been found to be 105 (7). A polybromide number of 10,19 would 
therefore represent 10.19x100/105 or 9,7 per cent of highly unsaturated 
fatty adds* This method is admitted to be only approximate but the 
writer believes it to be more accurate than merely to calculate the add 
content of the btmnides, udiich ^ves a result far loo low. 

Results of the analyse of the oik and the cone^ptmding fatty adds 
obtained from them are given in Table IV. 







May, 1930 


J. B. BROWN AND S. G. MORRIS 


513 


TABialV 

CHAXAcixBisncs or Body Oiu 


Diet 


Fats 



Fatty Acids 










Percent 

Sapon. 

Iodine 

Poly- 

Refrac. 

Iodine 

Poly- 

%Brin 

% 

of fat 

number 

number 

brom. 

number 

index 

number 

brom. 

number 

bromides HUFA* 

Control 

197.3 

73.16 

.56 

1.4648 

82.59 

1.42 


1.3 

$ 

199.3 

82.71 

5.89 

1.4663 

90.39 

10.19 

70.09 

9.7 

10 

197.3 

94.67 

14.95 

1.4691 

98.05 

15.16 

69.58 

14.4 

IS 

194.4 

99.01 

15.73 

1.4697 

99.60 

15.63 

69.87 

14.9 

20 

196.0 

97.24 

18.81 

1.4671 

104.7 

16.94 

69.65 

16.1 

30 

Menhaden 

196.0 

103.35 

18.80 

1.4710 

104.0 

18.08 

70.02 

17.2 

oil 

191.9 

169.7 


1.4828 

175.9 

54.8 

69.14 

52.2 


* Highly Unsaturated Fatty Adds calculated from polybromide number. 


Discussion of Results 

Examination of the analytical results in Table IV shows conclusively 
that addition of menhaden oil to the diet of the white rat results in de- 
position of the characteristic highly unsaturated fish oil fatty acids in 
quantities roughly proportional to the amount of oil in the diet. iTie 
changes in saponification number were not so great as might be expected, 
since this constant for menhaden oil is appreciably less than it is for 
rat fat. However, the iodine number of the fat varied from 73 in the con- 
trol with 10 per cent olive oil in the diet to 103 with 30 per cent menhaden 
oil. The iodine number of the fatty acids rose from 82 to 104 imder the 
same conditions. The polybromide number of the control fatty acids was 
1.42. If calculated as arachidonic acid, this would represent 1.8 per cent 
of this acid. (The polybromide number for pure arachidonic acid is 80.) 
If calculated as the highly unsaturated acids of menhaden oil, the con- 
tent of these would be 1.3 per cent. Tlie polybromide number rose rapidly 
with increase of fish oil in the diet to 18.08, representing 17.2 per cent of 
highly unsaturated acids. 

The data in Table V compare the per cent highly unsaturated acids in 
the body fat with that of the diet (calculated). It is interesting to note 
that with the 5 per cent diet the ratio of the former to the latter is abqut 
4; 1. This ratio decreased rapklly to about 1 : 1 with the 30 per cent diet. 
In other words, there appeared to be a concentration of unsaturated adds 
in the body fat which was more pronounced in the lower diets. The amount 
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Tabuc V 

A CoitPAsisoN at XBB ComsNT or Hiobly UiiSAnmAiKD Fatty Acms or the Body Fat 

AMO at THE Diet 


Diet 

Per cent of Oil 

Per cent highly una&torated ^ty adds 

In Body Fat 

In Diet 

Katio 

Control 

1.3 

0.0 


5 

9.7 

2.6 

4:1 

10 

14.4 

5.2 

3:1 

15 

14.9 

7.8 

2:1 

20 

16.1 

10.4 

1.5:1 

50 

17.2 

15.7 

1:1 


of highly unsaturated acids deposited became nearly constant in the 20 
and 30 per cent diets. 

From a theoretical standpoint, the results of analysis of the bromides 
from the body fatty acids are particularly interesting. In every instance 
they contained from 0.50 to 1.0 per cent more bromine than the bromides 
obtained from the original menhaden oil fatty acids. The deposited highly 
unsaturated acids were therefore more unsaturated than those in the 
fish oil. The theoretical iodine number of the acids in a bromide con- 
taining 69 per cent bromine is 352, and for a bromide containing 70 per 
cent bromine, 370. It is known that the highly unsaturated acids of men- 
haden oil contain acids from the Cu series with three double bonds (hexa- 
decatrienoic) to Cj* with six double bonds (docosahexenoic) (7). When 
these acids are fractionated, the bromine content of the bromides of the 
fractions increases with boiling point. Two explanations may be offered, 
therefore, to account for the increase in unsaturation. The rat may 
metabolize the Ci« and Cu acids of the fish oil more readily than the 
Cjo and the Cn acids, thus removing those of lower molecular weight 
and of lesser unsaturation and deporting the higher molecular weight, 
more unsaturated adds. The second possibility is suggested by the 
Leathes desaturation theory. The highly unsaturated adds may be still 
furdier desaturated in the body with the introduction of more double 
bonds. The resultant adds would give the constants found. 

With such small quantities of material, and with tmly the bromine 
analyses with which to wosh, it is of course impossible to setl^ the question 
as to the nature of the changes taking place in the adds. It is our hope 
to get further light on the question by feechng huger animak, such as ihe 
hog, where large enough ^unples dt depot fat may be obtained to 
nuhe it possible actually to isolate the di^odted Ughiy unsaturated 
add for comparison with those obtdned from the fish oil that is fed. 
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Summary 

1 The characteristic highly unsaturated fatty acids of menhaden oil 
are deposited in the body fat of the white rat when these acids are in- 
cluded in the diet, 

2 Diets containing 5 to 30 per cent of menhaden oil resulted in a 
deposition of highly unsaturated acids from 9.7 to 17.2 per cent. 

3 In the diets studied, the content of highly unsaturated acids of the 
depot fat was always higher than that of the diet. 

4 The highly unsaturated acids deposited were more unsaturated 
than those from the original menhaden oil. 
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Editorial Review* 

THE CHEMISTRY OF VITAMIN D» 

TN THE attempts which have been made to identify the vitamins, there 
-*■ has been found in irradiated ergosterol, a substance or mixture of 
substances, which can be more nearly identified with vitamin D than can 
any other substance with any other vitamin. Vitamin D is concerned 
specifically with the utilization of calcium and phosphorus in the body and 
its absence from the diet leads frequently to the condition known as 
rickets. 

It was first shown experimentally in 1922 by McCollum and coworkers 
(1) that such a vitamin exists. By aerating cod liver oil, these investigators 
found that vitamin A which was then known to be present in the oil, was 
destroyed while another substance was left which played “an important 
r61e in bone growth”. Soon after this, it was found that the non-saponi- 
fiable portion of the cod liver oil contained the vitamin (2). 

It had been shov^m by Huldshinsky (3) in 1919 that the ultra-violet rays 
of the sun were effective in the treatment of rickets and in 1924 Hess (4) 
and Steenbock (5) almost simultaneously demonstrated that the feeding of 
a food which had been exposed to ultra-violet light was as effective as 
irradiating the animal itself. These investigators showed that most natural 
foods could be endowed with antirachitic value by irradiation with ultra- 
violet light. If vegetable oils were irradiated and made active antirachitic- 
ally, their unsaponifiable fractions possessed the antirachitic properties 
just as in the case of cod liver oil. Old oils could not be activated by 
irradiation with ultra-violet light nor was it possible to activate their 
unsaponifiable fractions. 

Since phytosterol is the main constituent of the non-saponifiable portion 
of vegetable oils, and cholesterol an important part of the non-saponi- 
fiable portion of cod liver oil, these two substances were next studied in 
many laboratories. When carefully purified by repeated crystallization, 
both were made active antirachiticallyon irradiation with ultra-violet rays 
shorter than 31S mu (6, 7), 

Hess and coworkers (8) next showed that the cholesterol which had been 
irradiated could be separated into an active and an inactive fraction, by 

^ As stated in the first issue of this journal, the term Editorial Review signifies not that the 
writer necessarily is an editor, but that the review has been read and criticized by at least foui 
members of the Editorial Board. 

• The author, Br, Florence L* MacLeod^ is Research Assistant, Department of Cheinistiy, 
Columbia University, 
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precipitation with digitonin, the activity being present in the non-predpi- 
table fraction. Likewise from cod liver oil, on precipitating the cholesterol 
from the non-saponifiable fraction, a more active fraction was obtained. 
Koch and coworkers (9) and Hess and coworkers (8) both found that if 
cholesterol or the non-saponifiable fraction of cod liver oil were extracted 
with liquid ammonia, the soluble fraction had increased activity. 

The different investigators now began to feel that the activity of the 
cholesterol was probably due to an impurity rather than to cholesterol 
itself. Windaus and Hess (10) pointed out that a very small part of the 
cholesterol underwent the change for the melting-point and the composi- 
tion of the irradiated product were unchanged. They stated that the only 
difference in the product besides its antirachitic potency was a decrease in 
the absorption of ultra-violet light between 280 and 300 xofi on irradiation. 
While they were working Rosenheim wrote to Windaus saying that he was 
convinced that cholesterol contained a small amount of impurity. Pohl 
and Heilbron, Kamm and Morton came to the same conclusion at ap- 
proximately the same time. 

Rosenheim and Webster (11) showed that after irradiation they could 
recover at least 99.9 per cent cholesterol by precipitation with digitonin. 
The active substance was left unprecipitated. They also showed that an 
isomer of cholesterol, allocholesterol, could not be activated and further 
that if cholesterol were converted into the dibromide and reduced again to 
cholesterol, the cholesterol obtained could not be activated. So they con- 
cluded that the precursor of vitamin D was not cholesterol but a substance 
associated with it and one which followed cholesterol in all its stages of 
purification by the usual methods (esterification, saponification and 
recrystallization). 

Heilbron, Kamm and Morton (12) were able by recrystallization of 
cholesterol from ethyl acetate to concentrate the active substance in the 
least soluble fraction and to show that this fraction had more clearly de- 
fined absorption bands than the original cholesterol. They felt that this 
was strong evidence that the substance showing t^e absorption bands in 
the ultra-violet region of the spectrum was different from cholesterol and 
was probably the precursor of the vitamin. Windaus and Hess (10) were 
able to show similarly that cholesterol purified by way of the dibromide did 
not exhibit antirachitic activity on irradiation with ultra-violet rays and 
did not exhibit the characteristic absorption bands. They also freed the 
cholesterol from the “provitamin”, as they called the impurity, by pro- 
longed boiling with blood charcoal, and by treatment with potasaum 
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permanganate, and were aUe to concentrate it, in the least soluble fraction, 
by recrystalliaation from acetic add, and by high vacuum distillation. 

They found that the “provitamin” was predpitated by digitonin before 
irradiation and diat it must be an unsaturated compound for if it were 
hydrogenated, it no longer could be activated by ultra-violet light. 

The sensitiveness of the ‘‘provitamin” to oxidative processes is charac- 
teristic of one of the known sterols, ergosterol. Tanret (13) who described 
ergosterol in 1908 had studied its behavior under the influence of light and 
air as evidenced by change in color, fall of melting point and change in 
optical activity. The behavior of the “provitamin” suggested to Windaus 
that it possibly was ergosterol, which is similar in structure to cholesterol 
but has three double bonds instead of one and like cholesterol has one OH 
group. 

The latest formula which Windaus (10) gives for cholesterol is: 



All that is known of ergosterol is that there are two more double bonds in 
its molecule but it is not known where they are. Its empirical formula then 
is C^tHoO. Tanret originally prepared it from the fungus, ergot, but at 
present it is comrmmly obtained from yeast. 

Ergosterol, one part in 600,000 parts of absolute alcohol, was found by 
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Windaus and Hess tn |^ve the same absorption ^tectrum as a amt per cmt 
soluticm of cholesterol. A pure cholesterol, free from the “provitamin”, 
was mixed with i/60 per o»xt of ergosterol and a (uoduct was obtained 
which was not separable from cholesterol by crystallization, melting- 
point, optical activity or composition. The irradiated ergosterol was much 
more potent antirachitically than cholesterol. 

Pohl (14), working with the same materials as Windaus, showed also 
that the absorption spectra of cholesterol and ergosterol were similar. 
Pohl found that after irradiation for 25 minutes the ergosterol showed an 
absorption band only at about 240 mju, instead of exhibiting maxima at 293, 
280 and 270 mpi, and attributed this band to vitamin D. Morton, Heilbron 
and Kamm (15) studied at half-hour intervals the changes in the absorp- 
tion spectrum brought about by the irradiation of ergosterol in alcohol 
solution. After two and a half hours they obtained an absorption band at 
247 m/i which they also attributed to vitamin D with only incidental tests 
to prove the antirachitic value of the product. 

Bills, Honeywell and McNair (16) by means of the spectroscope showed 
roughly the percentage of ergosterol in some cholesterol which they had 
obtained from spinal cord by . extraction with acetone, saponification in 
alcoholic potassium hydroxide and crystallization from alcohol. The 
cholesterol gave faint absorption bands at 293, 282, 270 and 260 voft. 
A 0.003 per cent solution of ergosterol gave less absorption than a three 
per cent solution of cholesterol and a 0.004 per cent solution somewhat 
more. From this they concluded that the cholesterol with which they 
were working contained 1.2 ±0.1 parts per 1000 of ergosterol. 

They then reported experiments contradicting in some respects the 
reports of Windaiis and Hess and of Rosenheim and Webster. By pro- 
longed treatment of cholesterol either with potassium permanganate or 
with charcoal or by bromination and reduction back to cholesterol. Bills 
and coworkers were unable to completely destroy the activatabilityof the 
cholesterol. By their technique they were able to detect a smaller degree 
of activation than the other workers. In addition to giving positive 
biological tests. Bills was able to show that the purified cholesterol gave 
five faint absorption bands at 315, 304, 293.5, 282 and 269 xofi. From these 
results he and Ms coworikers were unable to decide whether the activation 
of the cholesterM was entirely due to ergr^erol. The absorption bands 
at 293.5, 282 and 269 mu would indicate that it was, whereas they felt that 
it was difficult to believe that bromination whidi destroyed more than 
99 per cent of ergostmxtl when applied one®, shotdd fail to destroy the 
remainder when aj^HM a second time, jemdraa^ and Kem6nyffi (17) 
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repcNTted at about the same time that cholesterol could still be activated 
after purification by way of the dibromide and they believed that ergos- 
terol was not the only substance capable of being activated. 

Koch, Koch and Lemon (18) have recently published some experi- 
ments confiraaing these results of Bills. They found that on purifying 
cholesterol by the bromine treatment or by a triple treatment with 
potassium permanganate, the two products upon irradiation induced cal- 
cification in dosages 70 to 30 times as large as that required of the original 
cholesterol. The two products showed no absorption bands corresponding 
to ergosterol and showed no general absorption in the ultra-violet region. 

These investigators do not believe this low activatability to be due to 
a trace of ergosterol. When their purified products were heated slightly 
above the melting point under conditions that avoided appreciable oxida- 
tion, every one of the purified products was practically 25 to 70 times as 
active as the presumably pure cholesterol. With the increase in activata- 
bility a strong general absorption was observed in the ultra-violet region 
but since there were no bands whatever they feel that the potency of the 
product is not due to ergosterol. They believe that “provitamin D ac- 
tivity” may be a general property in varying degrees of various sterols or 
of certain forms of those sterols. 

In spite of these rather disturbing findings, most of the work which 
has been done recently on this subject has been carried out on ergosterol, 
to see what changes take place in the absorption spectra under different 
conditions of irradiation, and what happens to the ergosterol molecule 
on irradiation. 

Spectroscopic studies on cholesterol and later on ergosterol have been 
made for the most part by Bills in this country, by Rosenheim, Webster 
and Bourdillon and by Heilbron, Morton and Kamm in England and by 
Pohl in Germany. 

It was shown by Pohl (14) and Morton, Heilbron and Kamm (15) 
that when ergosterol is irradiated for some time the three absorption 
bands at 293.5, 282 and 270 mju disappear while a new band appears at 
247 xa/i. As was pointed out earlier in this paper, these investigators 
assumed without adequate biochemical control that the substance giving 
the absorption band at 247 m/i was vitamin D. 

Bills and coworkers (19) undertook similar experiments in which they 
studied the effect of irradiation with ultra-violet light on the absorption 
spectrum of ergosterol over a long period of time, conducting parallel 
spectroscopic and feeding tests. The ergosterol was of exceptional purity 
giving an J[a]D*®“«— 132® in dilorofoim which would in^cate a high 
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degree of purity, <me gram bdug dissolved in a liter of Optically pure 95 
per cent alcohol. The solution was activated in a homogeneous quartz 
absoipticm cell, 2 cm. deep, comfdetely filled. A water-cooled mercury 
lamp was used and the light was reasonably constant with uniform vol- 
tage and temperature. The absorption curves were made with a Hilger 
quartz spectrograph. Fresh cellfuls were used for irradiating the solutions 
for each period of exposure. A portion of each irradiated alcoholic ergos- 
terol solution was used for photographing the absorption spectra while 
the rest was used for the biological tests. 

The results of this investigation were as follows: — 

N4m4rradkki stock sdution. Thia salutioa gave absoiptioii bands vdth maxima at 270 and 
282 mft. The band at 293*5 oom was evident, a fourth band at 260 m^ which had been detected by 
Bills and MacNair (16) in previous experiments was too faint to be recognized. The non-irra*- 
diated solution had no antirachitic adtivity. 

Irradiated 7-f /2 mrudes. The absorption curve resembled that of the non-irradiated solution 
with the maxima a little lower. There was no evidence of any new absorption band yet the tests 
revealed the development of antirachitic activity 150,000 times as great as that of cod liver oil. 

Irradiated 15 mimUes, There was a dight chimge in the absorption curve but no evidence of a 
new band. The activation nearly reached its maximum at this point, the potency being 225,000 
times that of cod liver oil. 

Irradiated 22^1/2 minutes. The absorption band at 270 nv* broadmd but there was little 
change in the absorption curve. With this length of time of irradiation the activation reached 
its highest point wi^ a potency 250,000 times that of cod liver oil. 

Irradiated SO mifiutes. The maximum at 293.5 m^ disappeared, that at 282 mti was still con- 
spicuous and that at 270 nv» showed a distortion wHch indented the development of a new re- 
gion ol absorption in the sl^rter wave-lengths. The potency declined to 200,000 times that of 
cod liver oil 

Irradiated 1 hour. The maximum at 282 m^ nearly disappeared, that at 270 m/u was barely 
evident and the new maximum b^;an to become distinct at about 252 nui* The potency continued 
to decline. 

Irradiated 2 hows. All the absorptiem maxima of ergosterol disappeared. The new band be- 
came more btense with its nuudmum at about 250 jx^i. The antirachitic potency declined to 
50,000 times that of cod liver oil. 

Irradiated 3 hours. Coincident with the development of the new band at 248 nui b its greatest 
btensity, the antiracMtb potency almost disappeared. 

Irradiateddt 5, 7-1/2, 10 and 15 hours. Between 3 and 4 hottrs,the absorption band at 248 ium 
faded slightly; during 4 to 7-1/2 hours no further change was obten^; after 7-1/2 hours the fadbg 
resumed. The antimchitic potency never leappeared* 

From this it is evident that the photochemical reaction product which 
exhibits the absorption band at 248 m/t is not vitamin D. Ibe appearance 
of this band coincides not udth the development but rather with the 
destruction of antirachitic potency. Bills says that it is a by-product 
of the activation of ergosterol or a degradation product of the vitai^. 

T!m activation curve considerod irijth the absorption curve shows that 
the antirachitic potmey is developed raiddly teadyii^ a maximum when 
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about 73 per cent of ergosterol is still present. The decline in potency 
commences at the point where on account of a depleted reserve of ergos- 
terol and consequent decline in the rate of formation of the vitamin, the 
decomposition overtakes the formation. 

When one cellful of solution was used and samples were withdrawn 
from time to time, leaving more and more air in contact with the residual 
liquid, the band at 248 nut developed and faded much more rapidly. The 
amount of oxygen in the air contained in the partly filled cell was sufficient 
for considerable oxidation. The oxidation causes a destruction in the 
248 mju band and does not affect the formation of vitamin D. 

The substance showing the absorption band at 248 m/t is clearly related 
to ergosterol and vitamin D. Bills points out that isoergosterol, described 
by Reindel, Walter and Rauch (20) exhibits just such a band. The iso- 
ergosterol was obtained by the addition and then the removal of hydro- 
chloric add from the ergosterol molecule. The absorption of isoergosterol 
is from 220 m/t to 270 m/t with a maximum at 248 m/t. This band fades 
also on prolonged irradiation. It is not at all certain that isoergosterol 
and the substance formed by the irradiation of ergosterol are identical 
but Bills feels that with the formation of vitamin D by light a substance 
is formed which must have a molecular configuration not unlike isoergos- 
terol. This same suggestion, that the absorption band at 248 m/i is dufe 
to isoergosterol, has been made by two other investigators, van Wijk and 
Reerink (25). 

Of interest in connection with this paper by Bills is a report of Rosen- 
heim and Webster (21) in which they showed, by predpitation with 
digitonin, that after a half hour of irradiation, 90 per cent of unchanged 
ergosterol is left whereas after 4 hours there is 10 per cent of ergosterol 
and the antirachitic potency is the same. The conditions of their experi- 
ments were probably different and not so carefully controlled as those of 
Bills but the results do indicate that the activity of the reaction products 
do not continue to increase with the disappearance of ergosterol. 

Bourdillon, Webster and coworkers (22) hold the theory that the 
ultra-violet irradiation of ergosterol produces three substances in suc- 
cession. The first, which they call A, shows intense absorption for wave- 
lengths of 250 to 310 tOfi with a maximum absorption at 280 m/t. The 
second, called b, shows intense absorption at 240 m/t and no antirachitic 
power. The final product shows little or no absorption or antirachitic 
power. They found, unlike Bills, that the absorption curve of the sub- 
stance A was greater than that of ergosterol itself. They believe this may 
be due to the fact that they measured their solutions sooner and also to 
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a lack of stirring of the solutions by Bills and others. Substance a was 
formed by irradiating a 0.1 per cent solution of ergosterol in absolute 
alcohol. 30 seconds to 10 minutes, removing the unchanged ergosterol 
by digitonin, evaporating and extracting with ether. The reasons for 
their belief that substance a is a single substance are as follows: 

1. On repetition they always obtained similar spectra, whether in 
alcohol or in hexane, when the radiation was continued one to 10 minutes. 
When it was radiated to form substance B, there was a change in absorp- 
tion. 

2. Ergosterol and substance b were most likely to be contaminants 
of substance a. They believed that the absence of substance b was shown 
by the small absorption at 240 m/t. The absence of ergosterol was more 
difficult to prove. From the solubility in alcohol, they judged there was 
little if any ergosterol present whereas when some of the solutions were 
subjected to further irradiation, an increase in absorption at wave-lengths 
274 and 311 na^u was shown, thus indicating there was, perhaps, some ergos- 
terol present. Having given this evidence to show that a is a single sub- 
stance they go on to present the following evidence for believing that 
substance a is vitamin D. 

1. In a long series of quantitative comparisons of absorption spectra 
and antirachitic activity in solutions of substance a, they found a roughly 
linear relation between antirachitic activity and intensity of absorption 
at wave-lengths from 310 to 270 m/i. With high activity, there was high 
absorption and with decreased activity, lower absorption. 

2. A 0.01 per cent solution of substance a in a silica cell with nitrogen 
stirring was exposed to ultra-violet light in which the wave lengths shorter 
than 265 mfi were excluded by a “light filter” of alcoholic cobalt chloride. 
A rapid destruction of substance a occurred by conversion of it to sub- 
stance B, B having little absorption for wave-lengths longer than 250 
mju was partly protected by the filter and produced in considerable con- 
centration. It showed high absorption at 240 mjt» and no antirachitic ac- 
tivity. This proves that substance b is not vitamin D. 

3. A solution of ergosterol was irradiated for various lengths of time 
and divided into two portions. In one portion the activity and the ab- 
sorption were measured without previous removal of ergosterol. In the 
other, the per cent of ergosterol was estimated gravimetrically by pre- 
cipitation with digitonin. From this they calculated the absorption of 
the products of radiation. The antirachitic activity was found to be pro- 
portional to the amoimt of substance a present. Under their conditions 
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there is a rapid rise in activity in the first 10 minutes, slow rise after 20 
minutes and a maximum at 40 minutes, after which there is a fall. 

4. Attempts were made to destroy substance a by oxidation and to 
observe whether the rates of disappearance of absorption at 280 mu 
and of antirachitic activity were equal. The effects of bubbling oxygen 
through a 0.2 per cent alcoholic solution at 76° C. for one hour were too 
small for certainty. But when the solution was evaporated to dryness, 
the exposure of the residue to gaseous oxygen at 100° C. produced a more 
rapid effect. A pale brown solid residue was formed of reduced solubility 
in alcohol, with reduced antirachitic activity and reduced absorption 
at 280 mu. They think this shows that substance a and vitamin D offer 
marked resistance in alcoholic solution to oxygen at 76° C., but when dried 
and subjected to oxygen at 100° C. they are (or it is) oxidized with 
speed. 

5. The fifth piece of evidence which they give is that they have never 
obtained a solution showing strong absorption at 280 mu, that did not 
show strong antirachitic activity or a solution of high antirachitic activity 
without absorption at 280 mp. Vitamin D may be a substance in 
substance a. 

6. They give a much less direct argument as their sixth. They say that 
in preparations of A, the antirachitic activity is destroyed rapidly by 
radiations between 330 and 260 mp. Therefore, the vitamin D absorption 
band lies between these. Attempts to produce it from other sterols failed. 
If two hydrogen atoms are added to one double bond, the substance is 
not activated. This makes it probable that vitamin D has the three double 
bonds of ergosterol. 

Hence on the assumption that the preparations of substance A are a 
mixture of one absorbing substance with other non-absorbing products, 
it is probable that the absorbing substance is vitamin D. The other 
hypotheris is that vitamin D of enormous biochemical activity is found 
in small percentage in substance a. The best preparations of substance 
A are 2 to 4 times as strong as preparations of which the antirachitic action 
can be detected in doses of 1/100000 mg. per day. The activity of the 
hypothetical substance is very high indeed. 

7. For the last argument they state that when ergosterol is irradiated 
the absorption increases regularly. In the earliest stages the increase is 
proportkmal to the time of radiation. This shows a direct transition from 
eri^terdi to a. Tire tr anri tion from a to b is the same. It is improbable 
that vitanrii} B is an intermediate stage. They point out that the pos- 
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riiyiity of tite forentikm of vitvmin D diiectiy from ergortaol by aa 
indf^ndent readioa is tuot excluded. 

Hiey condude fnan s!l tUs, that there is good reason to beheve that 
the vitamin D absorption spectrum dosdy resembles that of substams 
A. It is posdble that a is merely a by-product formed at the same time 
as vitamin D or that D and a are two closdy similar substances related 
by some reversible process such as condensation or polymerization. 

The preparations of substance a were colorless, glassy masses wluch 
failed to crystallize. Tbere is the question whether the preparations con- 
tained a small quantity of a substance of high spedfic absorption or a large 
quantity of a substance of lower absorption. The question is of interest 
since estimates of the absolute activity of vitamin D have depended on 
assumptions as to quantum effidency which they feel are of doubtful 
validity. They believe that the substance a which was formed by ir- 
radiating a 0.1 per cent solution of ergosterol for 30 seconds to 10 minutes, 
to form as little b and c as possible, and predpitating out the unchanged 
ergosterol with digitonin, is a dngle substance and probably vitamin D. 
From their results they calculated that the smallest amount of pure 
vitamin they should detect is l.^XlO"* gram. This value is very dose 
to the amount reported by Fosbinder, Daniels, Steenbock and Kon (23, 
24) in this country but the authors feel that the results are so dependent 
on conditions that the fact that the calculations agree so dosely is of little 
significance. 

Fosbinder, Daniels and Steenbock (23) and Kon, Daniels and Steen- 
bock (24) made a quantitative study of the photochemical activation 
of sterols and attempted to determine the amount of energy suffident to 
produce, when fed, a demonstrable deposition of calcium in a radutic 
animal, first woriung with cholesterol at the 265 ibm wave-length, they 
found that an energy input of 234 ergs was necessary to give positive 
antirachitic potency with an exposure of 22.5 seconds. Mdring use of the 
quantum theory, they calculated that 3.2Xl(H* qourta were involved. 
According to Einstein’s law of photodremistry, 3.2x10** mokcules of 
vitamin D were aynthedzed by 3.2X1^ qimnta during the exposure of 
22.5 seconds. The number of gram molecules were then obtamed by divid-, 
ir^ tite number of molecnluB by the Avi^jadro number, which gives 5 X 
gram molecule. Thm assuming that the radecular wei^t of tite anti- 
rachitic material was essentially the same as that of dudesteml (385), 
the numb^ of grams of vitamm becomes 5xl0~**X38S whidi equaia 
2xi0^graio. This indicates a |pnm or 
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of a milligram of vitamin D is sufficient to produce calcium deposition 
in a racbitic rat. 

They feel that the assumption of the Einstein law is justified as a 
first approximation. The assumption is also made, of course, that all the 
light absorbed by purified cholesterol is converted into vitamin D. If 
some of the light were absorbed by material which was not converted into 
vitamin D, the quantity fdund by these calculations would be still further 
reduced. 

The work was repeated using purified ergosterol. This time the ergo- 
sterol was irradiated at the 256, 265, 280 and 293 mju lines and the thres- 
hold value of activation for all wave lengths was found to be 700-1000 
ergs (10X10“ to 14X10“ quanta). The lower value corresponds to 
6X10“* gram of vitamin D. The quantum efficiency of the antirachitic 
activation of ergosterol is smaller than that given in the earlier paper 
but the authors feel that these last results are more accurate. 

The formation of vitamin D was thus shown to be independent of wave- 
length over practically the whole range of selective absorption and to be 
a function of the incident energy. They exposed, too, chemically purified 
cholesterols, purified by the severe methods which Bills believes do not 
wholly destroy their activatability and found that the highest amount 
of energy used, 200,000 ergs, was insufficient to activate them. This caused 
them to conclude that ergosterol is definitely the “provitamin.” 

It may be of interest to sum up the properties of ergosterol which are 
known and the changes which have been shown to t^e place in them 
upon irradiation. The melting point of ergosterol has been reported to 
be anywhere from C. (26) depending upon the purity of the 

sample and the degree of hydration. Upon irradiation with ultra-violet 
light, a glassy hard solid of indefinite melting point is obtained which 
begins to melt at 30“ C. (30). 

The {aji)*'’® in chloroform of ergosterol is —132“ according to Tanret 
(13), Bills (26) and others. The findings for the specific rotation seem to 
be in better agreement than for the melting point. When ergosterol is 
irradiated, its specific rotation changes gradually towards the right 
and after 45 hours, according to Windaus and Linsert (27) is definitely 
poffltive. However, when the [ale becomes positive, the irradiated sub- 
stance is no longer active antirachitically. 

ErgMterol is slightly soluble in 95 per cent alcohol, to about 0.2 per cent, 
while the irradiated substance is soluble in its own weight of alcohol (30). 
Both are insoluUe in water (30). 
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Wmdaus and Liaaert (27) have shorn that the xodecolar vreight of the 
iitadiated substance Is the same as that of the unirradiated substance 
and that the number of double bonds is unchanged on irradiatioa. 

Since the ergosterol itself is preciiutated by di^tonin and the irradiated 
product is not, the conclusion is that there has been some change in the 
OH groiqp, probably an isomerization, since the mdecular weight is the 
same (27). 

There seems to be some disagreement as to the effect of tire solvent 
on the potency of the irradiated ergosterol. Windaus (28), using cyclo- 
hexane, ether, normal benzene and benzol, reported that the influence of 
the solvent on the activity was small while Bills (29) reported in August 
1929 that the solvent had a very great influence on the potency of the 
product of irradiation. Bills used alcohol, ether and cydohexane. He also 
reported that a freely transparent solvent is not always required, for 
extremely Mgh activation can be obtained in arachis oil, which is a solvent 
employed in commerdal practice. No complete report on this work has 
been made by Bills. 

Some investigations have been made on the irradOialion of cholesterol 
and ergosterol at very low temperatures. Bills and Brickwedde (31) found 
that if cholesterol were irradiated at the temperature of liquid oxygen 
(—183°), it was about one-tenth as active as when irradiated at room 
temperature. Webster and Bourdillon (30) obtained similar results with 
ergosterol. Both concluded that the temperature coefficient of the re- 
action causing the formation of vitamin D is small. They argue that the 
reaction must be entirely photodiemical and that the activation is due to 
an ismnerizatiom 

Ihe irradiated substance is more stable to air and light than the un- 
irradiated ergosterol. Irradiated ergosterol has been reported as being 
very active after standing one and a half years in an inactive oil (32). 
If oxygen is present on irradiation the absorption band at 248 nm develops 
and fades more quickly than vffien oaygen is absent indicating that oxida- 
tion is concerned in the destruction of the substance showing the 248 mu 
absorption band and not in the formation of vitamin D (19). 

It seems almost unnecessary to say in conclusion that an enormous 
amount of work is left to be dmie on this subject. Successful solution of 
the many prt^lems irtvolved can come only as a result of the cooperation 
of the organic chemist, the {ffiyucal chemist mid the biolbg^cal diemist. 

Iixsfomx MacZ^op 
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